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PREFACE 


The  purpose  of  this  report  is  to  present  the  design  for  a 
simulation  program  using  the  Air  Force  Electronic  Warfare  Evalu- 
ation Simulator  (AFEWES)  facility  at  General  Dynamics,  Fort 
Worth,  to  obtain  estimates  of  aircraft  attrition  resulting  from 
SAM  or  AAA  engagements  over  the  range  of  conditions  experienced 
in  the  Phase  II  EW  Joint  Test  ,-t  WSEG/IDA  was  assigned  responsi- 
bility for  designing  the  AFEWES  simulation  program  by  letter  from 
Lt . Gen.  Alfred  D.  Starbird,  USA  (ret),  DDT&E  to  Lt . Gen.  Glenn 
A.  Kent,  USAE’,  Director  WSEG , dated  7 August  1973  with  enclosed 
letter  to  Admiral  Martin  D.  Carmody , USN,  EW  Joint  Test  Director, 
dated  19  July  1973.  The  letter  to  Admiral  Carmody  assigned 
responsibility  to  the  EW  Joint  Test  Director  for  execution  of 
the  simulation  design  at  General  Dynamics.  The  results  will  be 
used  both  by  the  Test  Director  and  by  WSEG/IDA  in  their  separate 
evaluations  . 

In  order  for  WSEG/IDA  to  develop  a design  for  a simulation 
program  that  would  be  compatible  with  the  AFEWES  facilities 
available  at  General  Dynamics  and  acceptable  for  execution  by 
the  Test  Director,  it  was  decided  by  WSEG/IDA  to  set  up  a work- 
ing committee  comprised  of  representatives  of  the  Test  Director, 
General  Dynamics,  and  IDA.  The  objective  of  the  committee  was 
to  develop  a plan  for  the  use  of  AFEWES  which  would  meet  the 
requirements  of  the  EW  Joint  Test  and  Evaluation  Program  within 
the  monetary  and  time  constraints  of  the  program.  This  report 
presents  the  results  of  the  efforts  of  this  committee. 
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In  some  cases,  alternative  procedures  within  the  general 
approach  for  obtaining  the  required  estimates  are  presented. 
The  decisions  as  to  which  of  these  alternatives  can  best  be 
used  to  obtain  the  desired  attrition  estimates  will  depend 
largely  on  the  results  of  the  pre-test  AFEWES  concej  t-validatlon 
program  which  is  currently  underway. 
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C h a p t e r I 
INTRODUCTION 


The  overall  objectives,  test,  design,  and  evaluation 
approach  for  the  Phase  11  Electronic  Warfare  Coin:  Test  v KWf 


have  been  described  previously.1  «The  evaluation 


i". a no 


;se 


. ' e t 


he  following  types  of  simulations: 


kill  probab  1 1 1 1 i es  olv  S AMs  and  AAA  versus  aircraft  , 
and  ARMs  versus  radars,  using  the  Initial  condition: 
of  the  engagements  (as  established  by  the  tests'  as 
Inputs.  a 

( ' simulation  of  radar  detection  and  weapon  assignment 
and  cont rol  funct ions  of  the  integrated  air  defense 
syst em  nwr,“  using  t est -dot ermined  paramet ers , plus 
the  Kill  probabilities  determined  in  v 1 ' . as  inputs. 

The  overall  re  lat  lonshlps  bet  ween  test  data  and  simulat  ions  are 
shown  In  Figure  1. 

The  engagement  simulations  of  ( l ' are  to  be  carried  out 
primarily  with  the  Ait'  Force  KW  Kb  simulat  Ion  facility  at 
General  Dynamics,  Kt . Worth,  and  with  Navy  ARM  trajectory  simu- 
lators at  the  Naval  Weapons  Center,  China  lake.  The  command 
and  control  simulations  of  (Cl  are  to  be  carried  out  with  the 
digital  TAPBM  simulator — a modification  of  the  Air  Force  TDM 
by  General  Dynamics — now  installed  at  IDA.  TADDM  is  not 


1 WSECl  Report  CCT,  Fleet ronio  Warfare  Joint 
Design  of  the  Fhase  11  Klectronic  Warfare 
197*1 , Volume  I ( CCNFIPKNTT  AI.)  , and  Volume 
(SECRET) . 


Test  and  Kvaluat ion: 
Joint  Test , March 
11,  Appendices 
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“Kill  probabilities  in  arrays  suitable  for  use  by  TADBM. 
Functions  in  dashed  lines  are  not  covered  in  this  report. 
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designed  for  simulation  of  overall  command  and  control  and 
battle  events  In  real  time  with  men- In- the -loop,  as  Is  AKEWKR 
for  simulation  of  Individual  engagements.  Hence,  TADBM  must  bt 
calibrated — l.e.,  some  Input  parameters  (such  as  typical  time 
Intervals  between  certain  events'1  must  be  determined  by  the 
results  of  operational  tests  ior  more  detailed  simulations^  of 
relevant  modes  of  a representative  command  and  control  system. 


TADBM  then  makes  use  of 
(or  other  engagement  slm 

Th l s c omm 1 1 1 e e repo 
engagement  simulations  o 
objectives  the  determlna 


v ill  probabi  1 It  ies  determined  by  AREWHJ 
ilators)  to  provide  overall  attrition. 

•t  Is  concerned  primarily  with  the 
tl),  above.'  These  have  as  their 
ion  of  engagement  miss  distances  and 


associated  kill  probabilities  which  are: 

1 ^ Representative  of  the  variety  of  engagement  conditions 
realized  In  the  tests.  Such  kill  probabilities  are 
for  use  in  love  1 .'  eva  1 a a t Ion,  l.e.,  analysis  of  the 
Phase  11  test  missions  in  terms  of  cumulative  kill 
probabilities.  Ignoring  the  effects  on  successive 
engagements  of  possible  kills  In  previous  engagements. 

(J)  Representative  of  engagement  conditions  defined  by  the 
TADBM  simulator  In  further  analysis  of  the  test  mission: 
( level  > evaluat loiO  to  determine  the  effects  of  renova 
of  weapon  systems  which  would  have  been  killed  In  the 
tests,  had  missiles  actually  been  launched  or  projec- 
tiles fired. 


Although  the  Joint  I’e 

st  Dir 

v c : o r 

and 

WBH 

v t l DA  are 

to  make 

separate  post-test  evaluat 

Ions , 

the  e 

Men  s 

i v e 

engagemen 

t s 1 mu- 

lations required  to  extend 

t e s t 

re su . 

* 

ki 

11  probabi 

ll  t ies. 

like  the  test  data  itself, 

must 

serve 

t he 

nee 

ds  of  both 

. Thus , 

It  is  the  purpose  of  this 

co  mini  t 

tee  r 

eport 

t o 

present  t 

he  tol- 

lowing  in  some  detail: 

(1)  The  Informally  coordinated  plans  and  procedures  which 
are  being  worked  out  between  the  Test  Director  and 
IDA/WSEG  to  accomplish  the  objectives  of  the  engage- 


1 Excluding  engagements  of  AKMs  vs.  radars,  which  are  not  covered 
in  this  report. 
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merit  simulations  tas  stated  In  the  previous  para- 
graph) within  the  allowed  const  ra  l nt  s ot’  time  and 
money . 


t f ) Heault  ing  data  requirements,  to 


re  that  either  the 


data  will  be  available,  or  that  aiternatlv 
can  be  used. 


' T v ; 


Primary  emphasis  In  this  report  Is  plaeed  on  t lie  .'AM  vs. 
aircraft  engagement.  To  answer  some  of  the  unresolved  Issues, 
the  Test  Director  Is  Initiating  a series  of  pre-test  s 1st  to: 
with  AKb'WKtA  . 1 These 
e \ped I t l ng  post -t  est 


are  necessary 
s imulat ions . 


vs  . a 1 rcraft 
vs.  aircraft 


o permit  simplifying  and 
v'M- radar  features-  of  .AAA 


engagements  are  somewhat  run.o.ess  to  t hose 
engagement  s . i'here  are  r.o  plans-  t.  t;s>e  .'pt 


tracking  with  f AM s or  AAA  In  either  the  tests  or  the  simulation; 
Strike  aircraft  will  be  constrained  to  altitudes  r.o  less-  tb.au 
S,000-d,000  feet  except  when  simulating  weapons  delivery  or.  tin- 
two  target  areas;  this  further  limits  engagement  opport i t les 
for  the  relatively  short-ranged  AAA.  "ra/eetory  and  k ! I- 
probabllltv  slmulat  Ions  Involved  in  the  ASM  vs.  ra.iar  er.gace- 
ments  (not  discussed  in  this  report''  are  expected  to  be 
relatively  st  ralghl  forward  and.  inexpensive. 

At  a meeting  at  IDA  on  11  July  l'!.‘;*  between  represents.’,  ivo: 
of  Wt’KP,  IDA,  the  Joint  Test  Director,  and  General  Dynamics.  ’.DA 
represent  at  ! ves  Indicated  requirements  for  A IK : ' ; ■ -dor  i ved 
mat  rices,"  based  on  test  data,  to  be  completed  by  . si  ruar\  a:;. 
1 March  ld,‘s,  as  shewn  In  fable  l,  in  order  for  ; 
evaluation  to  be  accomplished  In  time  for  dell  vet 
report  to  DDKAK  by  10  June  i'o  meet  the  1 

1 March  dates  would  seem  to  require  an  initial  selection 


. * U'  «\  * ' .i  , « x 

•y  of  t he  fina 
;■  e’e ruary  ar..i 


Aui 


effort  ; !n- 
ieoat  lor.  for 


Simulation  runs  are  scheduled  to  begin  around  if 
About  $70,000  has  been  allooated  for  this  pre-tes 
eluding  possible  AAA  and  ARM  slnm  l at  ions ' . The  a 
post-test  simulations  Is  about  $.'00,000. 

’ The  term  "Pk  matrix”  Is  used  to  Indicate  an  array  v for  a given 
target  altitude'  In  which  Pks  are  associated  with  selected 
points  tor  areas'  In  downrange  and  offset  coord  l r.at  es  . 
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Table  1 
OF 


(U).  SCHEDULE  OF  EVENTS  APPROPRIATE  TO  PRODUCTION 
Pk  MATRICES  FOR  USE  IN  THE  IDA/WSEG  EVALUATION 


Start  of  Test 


October  74 


•Reduced-data  package  from 
1st  days'  test  strikes 

delivered  for  checkout  11  October  74 

• Delivery  of  reduced-data 
package  from  1st  2 weeks 
testing  (1st  complete 

replication)  completed 14  November  74 


End  of  Test 


15  November  74 


• Delivery  of  reduced-data 
packages  from  all  test  strikes 

(3  replications)  completed 27  December  74 

•AFEWES  runs  for  Air  Force  strikes 
completed,  Pk  matrices  delivered 

to  IDA/WSEG 1 February  75 

• Pk  matrices  for  Navy  strikes 

delivered  to  IDA/WSEG 1 March  75 

•IDA/WSEG  evaluation  report 

delivered  to  DDR&E 30  June  75 
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test  engagement  conditions  for  AFEWES  runs  based  on  only  the 
first  of  three  test  replications.  Whether  this  would  indeed 
be  the  most  expeditious  way  of  proceeding  (costs  of  additional 
AFEWES  setups  as  well  as  runs  could  be  involved)  can  be  decided 
later  with  benefit  of  results  and  experience  obtained  from  the 
pre-test  simulations.  In  general,  where  faced  with  a choice  of 
alternative  procedures  for  employing  AFEWES  which  it  believes 
can  be  made  with  greater  confidence  at  a later  date  without 
jeopardizing  schedules,  the  committee  has  chosen  to  present 
both  alternatives  in  this  report. 
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Chapter  11 


SUMMARY 


A.  GLNLRAL  APPROACH 


Tlu'  I'Low  >11  agram  of  Figure  summar  1 cos  the  tyn.'iM  ; 
approach  adopted  to  obtain  Kill  probab  lilt  Ion  for  the  typo:-,  nf 
engagement  a Initiated  In  Phase  11  l'W.'T.  feudal  to  expeditious 
accomplishment  of  this  task  are: 


1 1 ) 1 o a l - 1 1’ i*  1 o la s s>  1 1 l o a t 1 on  and  s e to o t 1 ot i > > i e up . i ► e r.> ' n > . ■ 
for  "sTmuTat  I on  (block  o ot'  Figure  .'1. 

( .' ) Pre-test  validation  of  concepts  upon  which  detailed 
procedures  oP  ( .1 ) depen>i  (.block  of  Figure  d. 


1.  Post -test  Classification  and  Selection  of  Inga  cements  tor 
STmuTaTTon  (Block  tVJ  

In  order  l >'  >'l't,iln,  at  tolerable  cost  , represent  at  Ivo 
kill  prohab  l 1 1 1 I es  for  each  oP  t 1 u'  Pew  thousand  d AM-a  1 tv  ra  t't 
engagomont  r>  expected  t >'  t ako  place  In  I'has.e  II  KW.'T,  It  will  be 
necessary  to  classify  the  engagements  Into  groups  charact  erl  c.ed 
as  follows:  The  engagements  In  any  one  grout'  will  have  >'ccurred 
under  eotuilt  Ions  so  similar  that  , given  the  same  gross  geometry 
(l.o.,  downrange,  offset  , and  alt  itude  of  Intercept  1,  they  would 
have  resulted  In  essentially  t ho  same  kill  prohab I l I t 1 es . ' With 
such  c lass  1 f 1 cat  ion , AFT1WISS  simulations  for  salvo  kill  proba- 
bility (replicated  for  statistical  slgnlf Icancel  can  be  run  for 

’The  charact or  1 st  1 c conditions  for  each  group  are  established 
primarily  by  the  KPM  test  mixes  and  related  offense  and  defense 
tactics;  thus  the  groups  will  be  referred  to  as  mix-related 
groups . 
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the  selected  test  conditions  of  each  mix-related  group  rather 
than  for  individual  engagements. 

Based  on  the  test  design,  on  assumed  mission  plans  and 
offense-defense  tactics  and  modes  of  operation,  and  on  possible 
simplifications  to  be  verified  in  pre-test  simulations,  It 
appears  that  fewer  than  100  mix-related  groups  will  require 
post-test  simulation  (Chapter  IV,  Section  Al).1  For  each  group, 
a unique  matrix  can  be  determined  which  gives  F^s  vs.  the 
targeted  aircraft  as  a function  of  Its  position  in  a two- 
dimensional  grid  In  downrange  and  offset  coordinates  (for  a 
gWen  altitude)  . 

2 . Role  of  Pre-test  Simulations  (Blocks  1 and  2) 

The  pre-test  simulations  are  required  to: 

(1)  Determine  whether  some  expected  variations  in  mix- 
related  conditions  actually  require  classification 
into  different  groups. 

(2)  Verify  that  P^s  for  some  groups  can  be  simply  derived 
from  those  of  more  basic  groups  without  requiring 
simulation . 

(3)  Quantify  the  increased  efficiency  obtainable  with 
certain  AFEWES  runs  by  employing  off-line  processing 
of  tracking-error  tapes. 

Some  of  the  mix-related  groups  may  contain  a large  number 
of  completed  test  engagements  (i.e.,  launches  followed  by 
single-salvo  Intercepts)  widely  dispersed  in  gross  geometry 
(downrange,  offset,  and  altitude);  other  groups  may  have  engage- 
ments with  many  salvo  Intercepts  concentrated  in  only  a few 
coordinate  regions;  still  others  may  have  only  a few  completed 
engagements.  For  groups  having  many  single-salvo  intercepts 
along  the  downrange  coordinate  at  a given  offset  and  altitude, 
AFEWES  can  be  used  more  efficiently  by  recording  tracking-error 

'This  is,  of  course,  a rough  estimate  which  cannot  be  signifi- 
cantly refined  until  mission  plans  and  tactics  become  firm, 
and  the  findings  of  AFEWES  pre-test  simulations  are  available. 
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(TE)  tapes  for  off-line  processing.1  Pre-test  simulations  will 
help  establish  the  magnitude  of  this  efficiency  gain,  as  well 
as  provide  an  indication  of  how  rapidly  varies  with  group 
gross  geometry.  Both  factors  are  involveu  in  determining  the 
cost  of  "complete-grid"  P,  matrices. 

Complete-grid  P^  matrices  would  give  P^s  for  all  possible 
engagements  in  a group.  This  is,  of  course,  more  than  needed 
for  the  evaluation  of  test  results  without  removal  of  weapons 
systems  which  would  have  been  killed  in  the  test  (level  2 evalu- 
ation), but  would  insure  that  few  if  any  additional  AFEWES 
simulations  would  have  to  be  made  for  new  gross  geometry  situa- 
tions which  might  arise  as  a result  of  such  removal  (level  3 
evaluation) . A complete-grid  matrix  would  also  be  advantageous 
for  the  basic  on-board  ECM  group,  since  pre-test  simulations 
are  expected  to  show  that  its  P^  matrix  can  be  used  without 
further  simulation  to  obtain  P^s  in  certain  other  groups. 

Section  B of  Chapter  IV  discusses  further  possible  applications 
of  pre-test  simulations,  and  presents  the  limited  program  now 
planned  (Table  6). 

B.  PROCEDURES  FOR  POST-TEST  SIMULATION 

The  presently  indicated  post-test  simulation  procedures, 
starting  upon  receipt  of  reduced  test  data,  are  as  follows: 

(1)  Classification  of  test  engagements  into  mix-related 
groups . 

(2)  Construction,  for  each  group,  of  downrange-of fset 
diagrams  (for  the  appropriate  altitude  region  or 
regions)  of  the  mean  position  of  intercepts  of  each 
salvo . 

(3)  Selection  of  groups  requiring  simulation,  in  view  of 
the  findings  of  the  pre-test  simulations,  and  con- 
sidering  unanticipated  sub-groups  that  may  have 
arisen  from  the  tests. 

iThis  procedure  cannot  be  used  with  jamming  directed  against 
missile-tracking  (MTJ) . It  is  not  the  procedure  which  has 
normally  been  used  with  AFEWES . 
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( *0  Division  of  selected  groups  into  (1)  those  l'or  which 
simulation  for  complete-grid  Pk  matrices  is  most 
appropriate,  and  (2)  those  for  which  simulation  of 
partial  grids  (or  only  the  salvo  intercepts  observed 
in  the  tests)  is  most  appropriate.  Determination  of 
whether  normal  AFEWES  runs  (rather  than  TE  tape  runs  l 
would  be  more  suitable  for  the  latter. 

(b)  Preparation  of  detailed  test  specifications  for  AFEW'Ef 
simulation  runs  for  the  chosen  groups. 

(6)  Execution  of  simulation  runs  in  order  promoting 
greatest  efficiency  (least  set-up  time,  etc.). 

(7)  Compilation  of  P^  matrices,  including  speci f icat ion 
of  pertinent  group  conditions  required  for  ready  use 
by  the  digital  TADBM  (Tactical  Air  Defense  Battle 
Model) . 


Items  (5)  and  (6)  are  not  different  in  concept  from  the 
detailed  and  complex  procedures  and  operations  routinely  carried 
out  by  General  Dynamics  personnel.  TADBM  has  been  designed  with 
flexibility  to  accommodate  item  (7).  lienee,  this  report  empha- 
sizes items  (l)-(4).  Detailed  discussions  of  these  items  are 
given  in  Section  C of  Chapter  III  and  Section  A of  Chapter  !V. 

After  results  of  pre-test  simulations  are  availal  le,  * he 
method  of  mix-related  grouping  illustrated  in  Table  < of 
Chapter  IV  should  be  revised  in  time  to  check-out  the  pro- 
cedures of  items  (l)-(4)  with  reduced  data  from  the  full -system 
checkout  missions  which  are  to  be  flown  just  prior  to  the  tests. 


C.  DATA  REQUIREMENTS 

The  type  data  not  generated  in  test  activities  (and  the 
support  equipment)  required  for  Phase  II  post-test  AFEWES 
simulations  is  listed  in  Appendix  A.  Appendix  B gives  a similar 
listing  of  the  test-generated  data  required  for  such  simulations. 
The  more  limited  test  data  required  for  the  classification  and 
selection  purposes  of  items  (l)-(4),  above,  are  presented  in 
more  detail  in  Section  A2  of  Ciiapter  IV. 
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D.  CONTINGENCY  PROCEDURES  FOR  POST-TEST  SIMULATIONS 

Unlike  the  procedures  involved  In  items  (5)  and  (b)  of 
Section  C above,  those  involved  in  items  (l)-(4)  have  never 
been  carried  out.  Thus,  problems  may  be  expected,  and  in  vit-w 
of  the  tight  schedule,1  consideration  must  continue  t be 
devoted  to  simplified  and  possible  contingency  procedures.  - 
Among  such  are  the  following: 

(1)  Use  of  pre-test  simulation  results  whose  engagement 
conditions  match  those  realised  in  the  tests. 

1(2)  More  frequent  use  of  partially-filled  rather  than 

completely-filled  grids  for  P.  matrices,  or  use  f 
coarser  grids. 

(3)  Judicious  use  of  fewer  mix-related  groups. 

(4)  More  frequent  use  of  scaling  or  other  approximations 
between  or  within  groups. 

(5)  Use  of  other  simulation  results  whose  engagement 

conditions  match  those  of  the  tests,  or  whose  results 
can  be  related  to  those  for  the  test  conditions  by 
simple  transformations. 


^ee  Table  1 of  Chapter  I.  The  analogous  simulations  for  AAA 
have  to  be  carried  out  using  the  same  AFEWES  facilities. 

2Note,  for  possible  analogy,  how  many  desirable  but  less 
essential  items  for  pre-test  simulation  (Section  B2,  Chapter 
IV)  have  had  to  be  excluded  from  the  tentative  list  (Table  b) 
which  now  appears  doable  with  the  money  and  time  available. 
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Chapter  III 

APPROACH  AND  METHODOLOGY 

A.  GENERAL 

The  flow  diagram  of  Figure  3 illustrates  the  general 
approach  adopted  to  obtain  kill  probab 1 lit  leu  ( P,  ) for  the 

iV 

types  of  engagements  expected  In  Phase  11  of  the  Electronic  War- 
fare Joint  Tests  (EWJT) . Since  constraints  of  money  and  time 
make  It  impracticable  to  simulate  all  the  engagements  expected 
to  take  place  In  the  tests,  the  function  of  block  e of  the 
diagram  is  to  select  groups  of  test  engagements  such  that  each 
group  consists  of  engagements  taking  place  under  similar  condi- 
tions. Simulations  will  then  be  carried  out  only  for  represen- 
tative engagements  of  each  group.  The  pre-test  simulations-  and 
analyses  of  blocks  1 and  .?  of  the  diagram  are  required  to  exploia 
APEWES  capabilities  and  limitations  for  certain  test  environ- 
ments (e.g.,  those  involving  more  than  four  aircraft  targets 
In  close  proximity),  to  establish  efficient  ways  for  dealing 
with  such  situations  (Including  dot ermlnat Ion  of  wnetner  or  not 
they  require  separate  classification  in  block  r N , and  to  vali- 
date concepts  which  could  result  In  further  reduct  ion  In  the 
number  of  post-test  simulations  required.  Thus,  results  from 
block  l simulations  and  block  2 analyses  should  be  available 
before  final  definition  of  the  procedures  of  block  r , and  the 
procedures  of  block  b should  be  checked  out  using  data  from  the 
full  system  checkout  preceding  the  tests. 

Block  4 data  must  fit  the  requirements  of  block  b; 
blocks  t and  h supply  supporting  facilities  and  additional  data 
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for  the  definition  (block  7)  of  test  conditions 
ment  groups  selected  by  block  6 and  simulated  in 
9 forms  matrices  from  the  results.  Thus,  the 
and  procedures  which  are  unique  to  the  type  and 
tion  effort  required  for  levels  2 and  3 evaluati 
II  tests  are  associated  primarily  with  functions 


for  tile  engage- 
block  c i blocw 
methodoio gies 
scale  of  Simula 
on  of  the  Phase 

o 1 U n c tv  c y 


blocks  1 and  2,  and  6. 


Actually,  as  described  above,  an  Iterative  pr 
indicated  in  Figure  3 takes  place  between  blocks  I 
block  6.  Thus  class  i f i cat  i on  in  block  r , which,  is 
based  on  mission  plans  for  the  tests,  defines  or  I 
scope  of  the  pre-tests  simulations  ana  analyses  of 
and  2.  The  latter  then  better  define  the  class',  fi 
block  6 so  as  to  reduce  the  number  of  selections  r 
post-test  simulation  in  block  i5 , either  by  determi 
some  potential  classifications  do  not  oesi.it  in  si 
different  group  F.  s,  or  that  some  group  P.  s mav  be 

K.  k 

by  relatively  simple  modification  of  results  of  si 
of  other  groups.  Thus,  although  no  blocks  are  ent 
independent  (and  all  are  influenced  by  mission  p la 
blocks  9 and  6,  and  blocks  1 and  2 form  two  natura 
for  purposes  of  presentation  and  discussion  in  sue 


ning  that 
gni f i cant ly 
dot  erni o.ed 
mu lat ions 
irely 

n>,  N 

. I V>  « 

1 groupings 
seed',  r.g  cha;  - 


ters.  Blocks  3 and  •->  are  considered  in  Appendices  A and 
necessary  support  items.  Such  treatment  provides-  the  no 
tools  to  carry  out  the  operations  of  the  remain’,  r.g  block 


i rv 


and  9.  To  the  extent  needed  and  feasible  prior  to  v,  1 ' dotal  lo, 
mission  plans,  (2)  results  from  pre-test  simulations  (.block  2^ 
and  (3)  receipt  of  test  data  (blocks  3 and  9),  the  succeeding 
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chapters  and  appendices  of  this  paper  present  the  functions  of, 
the  procedures  for,  and  the  data  required  by  the  individual 
blocks  of  the  flow  diagram. 1 

B.  PRE-TEST  APPROACH 

1 . Procedures  for  Engagement  Classification  (Block  6) 

Block  6 achieves  classification  of  all  Phase  II  engagements 
into  a number  of  groups,  each  of  which  consists  of  many  engage- 
ments which  will  have  taken  place  under  similar  test  conditions, 
so  that  relatively  few  simulation  runs  will  need  to  be  made  to 
give  representative  F^s  for  the  engagements  of  each  group.-'  The 
appropriate  conditions  comprise  two  broad  categories  as  follows: 

(1)  Those  conditions  related  to  the  various  ECM  test 
mixes , including  offense  composition  and  tactics 
and  defense  composition  and  modes  of  operation. 

(2)  The  gross  geometry  conditions  (downrange,  offset, 
and  altitude)  of  the  engagements. 

Mix-related  Conditions.  The  number  of  groups  of  ECM  mix 

and  mix-related  conditions,  NJn^x  + r,  resulting  from  the  tests 

depends  basically  upon  the  particular  missions  flown  and 

tactics  used,  and  these  are  prescribed  by  the  mission  plans. 

N . . Includes  the  number,  N . , of  "ECM  mixes"  designated 

mix  + r mix’ 

for  analysis,  as  shown  in  Table  2,  augmented  by  the  number 
of  mix-related  test  conditions  (other  than  engagement  geometry) 


^Since  ARM  is  not  considered  further  in  this  report,  dotted 
lines  are  used  for  the  ARM-related  blocks  in  Figure  2.  Simu- 
lation of  ARM  is  presently  feasible  only  for  its  post-launch 
phase;  since  this  is  relatively  simple,  all  such  ARM  engage- 
ments can  probably  be  simulated.  Thus,  classification  for 
ARM-radar  engagements  In  block  6 may  be  useful  primarily  as 
an  aid  in  suggesting  pre-launch  conditions  for  use  in  level  3 
evaluation,  i.e.,  for  attrition  situations  where  ARM  launch 
conditions  were  not  established  and  instrumented  in  the  tests . 

2The  economic  constraints  requiring  such  classification  are 
discussed  in  Appendix  F of  Volume  II  of  WSEG  Report  223. 
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Table  2 ( U ) . MATRIX  OF  CONTROLLED  FACTORS  FOR 


OVERLAPPING  FACTORIAL  TEST  DESIGN  SHOWING  9 ECM  MIXES  (N  . = 9)' 
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which  could  result  in  significantly  different  I',  s . 1 Examples 

K 

O-  such  mix-related  conditions  are  those  resulting  from  certain 
aircratt  formations,  maneuvers,  chaff-dispensing  aircraft  (as 
distinguished  from  non-dispensing  aircraft  in  a previously-laiu 
chaff  corridor),  types  of  aircraft  and  dAMs , and  (if  not  stand- 
ardized for  a mix)  ECM  and  ECCM  modes  (see  discussion  of  Table 
Chapter  IV  for  further  examples). 


For  any  given  mission  plans,  N . . could  be  decreased 

m ± x r 

by  permitting  greater  dissimilarities  between  the 


engagements  within  a single  group, 


if  a given 


mix  + r 

given  N . . inc 

mix  + r 

all  the  groups  which  lead  to  significantly  different  !’,  s in 

IV 

tests,"  and  is  thus  sufficient  for  level  T evaluation  of  te 
results,  it,  should  also  include  pracl  ically  all  such 
groups  required  for  level  3 analysis.3  The  extent,  t 


..  x-re  sr.  c 


Kill. 


an  equivalent  statement  for  the  number  (N  ) of  different 

ge  om 

geometry  groups  would  apply  might  be  less,  but  cannot  be  deter 
mined  prior  to  analyses  for  level  2 and  level  3 evaluations. 


1 Where  it  is  unnecessary  to  make  a distinction,  the  tern,  "mix- 
related  groups"  will  be  used  to  refer  to  groups  arising  from, 
either  mixes  or  mix-related  conditions. 

-It  should  not  be  inferred  that  each  of  the  Nmpx  + r groups, 
even  for  the  same  gross  geometry,  would  always  have  an  incre- 
mental range  of  P^s  not  overlapping  that  of  other  groups.  For 
example,  within  a group  involving  SOJ  (see  Table  3,  Chapter  IV, 
Section  Al)  there  could  be  quite  different  Pics  depending  upon 
the  relative  positions  of  the  target  and  SOJ  aircraft.  One  of 
the  purposes  of  the  pre-test  simulations  of  block  (1)  is  to 
devise  simple  means  of  determining  such  Pj.  differences  (not 
only  within,  but  also  between  mixes)  without  having  to  carry 
out  complete  post-test  simulations. 

3Croups  resulting  from  formation  size  could  be  an  exception; 
e.g.,  a formation  of  three  aircraft  (which  does  not  appear  in 
the  tests  and  therefore  in  level  2 evaluation)  might  be  involved 
in  an  engagement  for  level  3 evaluation  when  one  aircraft  of  a 
formation  of  four  is  shot  down. 
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Geometry  Conditions.  For  each  of  the  N . + groups,  It 

would  be  desirable  (if  not  too  costly)  to  cl  : ain  fr  m AFEWE.’ 
runs  a complete  three-dimensional  .'rid  of  i s (downrange,  ff- 
set,  and  altitude)  of  whatever  fineness1  mi  be  required  for 
that  group , since  this  would  insure  that  ill  .'rose  .-eonetries 
which  might  arise  in  level  3 evaluation  we  aid  ilready  .have  beer 
covered . 


For  a given  cost  and  accuracy  in  determini: 
offs  exist  between  tire  number1  f rr.i  x-relat  o.i  -r 


i." 


and  the  fineness  and  extent 


: *■ 1 • 


mr.ens  : 


affect  N 


stal  1 ished  missions  md 


geom 

test  simulations  and  analyses  of  l locks  1 and  . 
are  needed  to  determine  whether  certain  mix-iv  l •• 
lead  to  significant  Iv  di  f fereitt  s , and  t bus  c 

groups  requiring  simulation.  I'heri  alsc  appear 
instances  In  which  representative  i^s  for  some  it 
groups  may  be  obtained  by  relatively  simple  ore: 
F^s  of  other  groups,  thus  making  simulation  of  t 
vroups  unnecessary.  The  pre-test  s imulat.  ions  c 
Section  2 immediately  following:  are  required  to 
concepts,  and  at  the  same  time  Invest  '.gate  t y p ! o 
In  grid  else  requirements . 


va 


i ! ’ t 1 


'Fineness  in  the  downrange  dimension  can  be  obtained  at  less 
cost  by  recording  (for  a given  offset  and  altitude)  tracking - 
error  tapes  (instead  of  data  for  "normal"  AFEWES  runs),  and 
processing  these  off-line  to  obtain  miss  distances  and  Fps. 
However,  since  such  processing  involves  tire  assumption  of  zero- 
error  missile  tracking  (the  missile  can  only  be  tracked  on-line 
by  radar),  this  procedure  is  not  valid  if  missile-track  jamming 
(MTJ)  is  used. 

‘Note  that  the  fineness  of  the  grid  required  for  a constant 
incremental  range  of  can  vary  considerably  over  the  grid; 
it  is  also  a function  of  the  individual  mix-related  group. 
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2.  Pre-test  Validation  of  Engagement  Concepts  (Blocks  1 

aniOT 

Several  mix-related  engagement  conditions  are  expecteu  to 
arise  whose  effects  on  Pk  are  not  now  sufficiently  well  known 
to  permit  a determination  of  whether  or  not  they  should  be 
classified  in  block  6 as  distinct  from  similar  conditions  having 
fewer  active  elements.  For  example,  it  is  not  certain  whether 
three  closely-spaced  groups  of  four  noise-jamming  aircraft  would 
or  would  not  give  significantly  different  P s if  more  than  one 
group  covered  the  same  angle  subtended  at  the  radar.  Similarly, 
whether  the  effect  on  versus  DECM  aircraft,  when  they  are 
covered  by  more  than  one  (track-while-scan)  radar,  is  sufficient 
to  require  separate  classification  is  not  known  for  some  condi- 
tions. The  pre-test  simulations  address  such  problems.  Tiie  more 
complex  situations  require  extension  of  AFEWES  capacity  by  modi- 
fication of  normal  procedures,  as  well  as  some  software 
modifications.  Thus,  to  the  extent  possible,  the  pre-test 
simulations  should  be  designed  so  that  if  the  results  should 
indicate  that  separate  classifications  are  required,  sufficient 
information  would  be  obtained  to  permit  approximate  scaling 
factors  to  be  applied  (post-test)  to  the  P.  s of  the  less  complex 

k 

group  to  obtain  those  of  the  more  complex  group. 

Similarly,  it  appears  that  representative  P^s  for  classifi- 
cations involving  either  corridor  chaff  or  standoff  jamming 
(which  never  appear  together  in  a mix)  might  be  more  efficiently- 
obtained  in  block  9 by  modification  of  the  P.  s obtained  from 

K 

simulations  of  other  groups,  using  results  obtained  from  block  1 
simulations,  rather  than  by  conducting  new  simulations  in  block 
8 for  those  two  classifications  (see,  e.g..  Chapter  IV,  Sections 
B1  and  2)  . 

Other  areas  for  investigation  with  block  1 simulations 
which  might  simplify,  speed,  or  improve  confidence  in  post- 
test procedures  are  (1)  the  savings  and  compromises  involved 
in  using  off-line  processing  of  tracking-error  tapes  when  many 
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missile  engagements  per  flight  path  are  required,  (2)  the  accu- 
racy with  which  P^s  for  evasive  maneuvers  can  be  considered  to 

be  a function  of  range  only,  (3)  the  determination  of  major  P. 

k 

variations  for  defining  grid  sizes,  and  (A)  the  investigation 
(where  necessary)  of  mirror-image  symmetry  of  Pks  about  the 
downrange  axis.  For  discussion  of  further  possibilities  see 
Chapter  IVB. 

C.  POST-TEST  APPROACH 

Although  determination  of  a complete  (but  coarse)  three- 
dimensional  grid  of  Pks  will  be  appropriate  for  some  of  the 
investigations  of  the  pre-test  simulations  (in  particular  for 
the  basic  on-board  ECM  mix — see  Chapter  IV,  Section  Bla) , and 
(as  discussed  above)  such  a completely  filled  grid  for  each 
of  the  mix-related  groups  required  by  the  test  data  would  pro- 
vide practically  all  the  Pks  needed  for  level  3 evaluation,  an 
alternative  post-test  procedure  would  be  as  follow.,:  Use  AFEWES 
in  the  most  expeditious  way  to  cover,  for  each  of  the  mix- 
related  groups,  only  the  grid  volumes  occupied  by  the  test 
engagements.  This  alternative  or  "partial-grid"  procedure 
might  serve  the  purposes  of  level  2 evaluation  at  less  cost, 
but  would  require  for  level  3 evaluation  either  additional 

AFEWES  runs  or  use  of  space-extrapolated  1,  s 1 if  level  3 evalua- 

K 

tion  introduced  geometries  (i.e.,  grid  volume.-)  net  covered  by 
the  test  engagements.2  In  any  case,  post -test  organization  of 

intercept-position  data  for  each  of  the  mix-related  groups, 
as  illustrated  in  Figure  A for  one  of  the  possible  groups,  will 
be  needed  in  deciding  which  procedure  should  be  used  for  a 
particular  group. 


1 A feel  for  some  extrapolation  possibilities  may  be  obtained 
from  the  pre-test  simulations. 

2For  successful  tactics  where  P^s  are  low,  relatively  few  new 
engagements  would  be  created  by  level  3 evaluation. 
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Both  complete-grid  and  partial-grid  procedures  can  make 
use  of  "tracking-error  tape"  AFFWKS  runs  Instead  of  normal  runs 
(see  Chapter  IV,  Sect  Ion  hi  for  the  diet  inrt  Pai''.  The  use  .if 
normal  runs  could  he  less  cost  ly  Per  groups  uavlnr  encasement c 
occupying  only  a few  grids,  whereas,  use  of  t rack  Ire-error  t an- 


nuls Is  less  cost  ly  (perhaps  hv  a factor  approachine 
lug  upon  the  flnenes.s  of  the  grid1  l for  a group  wit:; 
occupying  a complete  grid.  Thus  the  use  of  both  the 


' , . 1 - ' i e n d - 
engagement s 
complete- 


grid  and  the  partial-grid  procedures  may  be  indicated  for 
Phase  11  post-test  simulations  as  follows: 

( 1 ) Use  of  the  complete-grid  procedure  for  a basic  group 
like  the  on-board  KCM  group,-'  and  for  groups  which 
tend  to  have  many  engagements  widely  dispersed.  These 
groups  would  seem  more  likely  to  be  needed  In  level  ' 
evaluation  than  would  the  groups  defined  in  v ■’ ) 
follow  1 ng . 


(.'I  Use  of  the  partial -grid  procedure  for  those  groups 

having  only  a few  engagements,  or  engagements  In  only 
a few  grids.  Engagements  resulting  from  level  J 
evaluation,  or  from  new  or  altered  conditions  in  the 
second  and  third  test  replications  (if  initial  classi- 
fication and  P(C  matrices  are  based  on  the  first 
replication  to  expedite  the  evaluation  schedule''  might 
also  produce  such  groups. 

The  salvo- 1 ntercept  positions  of  Figure  -l  were  so  placed 
as  to  suggest  that  they  might  tend  to  occur  in  groups  of  three 
because  of  the  three  replications,  in  the  tests,  of  each  mix 
to  be  analysed.  A survey  of  the  likely  mix-related  groups  In 
the  tests  (Chapter  IV,  Section  Al)  indicates  that  while  the 


on-boat’d-KCM-only  mix  of  Figure  C is  an  important  one  of  the 


'As  well  as  upon  the  determination  (by  analysis  of  pre-test 
simulations — see  Appendix  C)  of  the  number  of  tracking-error 
tape  runs  (per  offset)  relative  to  the  number  of  normal  runs 
(per  offset)  required  to  give  equivalent  statistical  signifi- 
cance for  resulting  P^s . 

'Since  for  some  groups  the  procedures  developed  in  the  pre-test 
simulations  of  block  i and  analyses  of  block  C will  permit 
adjustment  of  the  P|C  matrices  of  this  basic  group  without 
requiring  further  simulation. 
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Nmlx  = 9 baslc  mix  groups,  other  mix-related  conditions  and 
tactics  (including  types  of  aircraft  and  SAMs)  give  rise  to 
many  times  this  number  of  groups.  If  the  total  number  of  such 
groups  + ^ turns  out  to  be  large  (e.g.,  a.-,  large  as  a 

tenth  of  the  total  number  of  test  engagements  NJ,  many  of  them 
will  consist  of  very  few  engagements,  and  some  may  have  no 
engagements  at  all  (see  Chapter  IV,  Section  A1  for  estimates 

of  “mix  ♦ r a,ld  Ne>' 

Group  diagrams  of  intercept  data  (like  that  of  Figure  ) 
are  required  to  allow  selection  of  (1)  the  most  efficient  post- 
test procedure  and  type  of  AFEWES  run1  for  the  group,  and  (2) 
the  proper  engagement  conditions  for  the  run.  If  there  appeared 
to  be  unanticipated  deviations  from  group  specifications  (e.g., 
if  a mixture  of  two  or  more  ECCM  modes  were  used  instead  of  a 
prescribed  standard  mode,  or  if  targets  were  not  covered  by 
chaff  when  expected  to  be,  etc.),  histograms  of  frequency  of 
occurrence  of  resulting  sub-groups  within  the  group  could  be 
considered  along  with  other  pertinent  factors  to  decide  whether 
to  use  separate  groups,  or  the  most  frequently  occurring  sub- 
group, or  some  weighted  average. 


To  avoid  having  to  classify  and  simulate  incomplete 
engagements  whose  P^.  is  zero,-'  they  need  be  only  Identified 
(not  classified)  from  the  test  data  (Table  H , Chapter  IV) 
for  level  2 evaluation.  When  TADBM  is  used  in  level  j evalu- 
ations, it  will  identify  the  same  engagements  incomplete  that 

Whether  complete-grid  or  partial-grid  procedure,  and  whether 
tracking-error-tape  or  normal  run. 

2For  SAMs , a completed  engagement  is  defined  as  one  In  which 
the  target  aircraft  (or  on-board  ECM  signal)  is  being  tracked 
at  the  estimated  time  of  intercept.  A SAM  engagement  is  in- 
complete either  because  of  (1)  "Radar  Off"  command  prior  to 
intercept,  or  (2)  breaklook  without  reacquisition.  (The 
former  would  be  due  primarily  to  ARM  launch  or  command  and 
control  decision,  the  latter  to  obscuration  by  chaff  or  stand- 
off jamming).  All  AAA  engagements  are  considered  to  be 
completed — either  at  "Stop  Fire",  or  (since  there  is  no  optical 
tracking)  when  radar  track  is  broken. 
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were  so  identified  in  the  tests  (to  the  extent  that  it  can  be 
made  to  replicate  the  tests),  and  perform  the  same  function  for 
any  new  engagements  introduced,  since  TADBM  determines  all 
"Radar  Off"  commands,  as  well  as  corridor  chaff  and  SOJ  obscur- 
ation. Thus,  if  APEWES  simulations  for  representative  groups 
include  completed  engagements  only,  the  matrices  determined 
would  be  appropriate  for  the  TADBM  completed  engagements  as 
long  as  they  are  consistently  defined  (see  Appendix  D for 
further  discussion) . 

The  most  efficient  procedure  for  obtaining  I\,  matrices  from 
test  data  would  be  to  wait  until  the  reduced  data  required  for 
group  classification  (block  4 of  Figure  3)  is  available  from 
all  completed  engagements  of  all  three  replications  of  (Navy  or 
Air  Force)  test  strikes  before  undertaking  group  classification. 
However,  time  constraints  might  make  it  expedient  to  make  an 
initial  group  classification  and  selection  of  engagement  con- 
ditions to  be  simulated  (for  P,  matrices)  based  on  the  first 

K 

available  replication  of  test  strikes,  simulating  at  a later 
date  any  additions  or  changes  which  might  be  indicated  upon 
final  classification  of  data  from  all  three  replications . 
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Chapter  IV 

ENGAGEMENT  SIMULATION  AND  ANALYSIS  PLANS  FOR  SAMS 

Section  A below  gives  an  illustration  of  the  method  of 
classifying  SAM  engagements  into  groups  (as  discussed  in  Chapter 
III),  and  tabulates  the  data  required  to  implement  this  post- 
test procedure.  Section  B explains  the  present  plan  for  the 
pre-test  simulations  required  to  provide  missing  information 
needed  to  carry  out  such  classification,  and  to  minimize  the 
number  of  groups  which  require  post-test  simulation. 

A.  PROCEDURES  FOR  SELECTING  REPRESENTATIVE  GROUPS  OF  ENGAGE- 
MENTS FOR  SIMULATION 

The  Nm^x  + r groups  or  classifications  of  SAM  engagements 
of  block  6 of  the  flow  diagram  of  Figure  3 (Chapter  III, 

Section  A)  which  might  be  expected  to  result  from  the  Phase  II 
mission  plans  (or  from  the  three  test  replications)  are  dis- 
cussed in  the  first  of  the  following  sections.  The  second 
section  addresses  and  catalogues  the  reduced  test  data  and 
procedures  required  (for  block  4 of  the  flow  diagram)  to  per- 
mit the  test  engagements  to  be  grouped  into  such  classifications. 

1 . Classification  of  Engagement  Groups 

Table  3 shows  potential  mix-related  groups  of  Phase  II 
engagements  for  Air  Force  strikes.  Each  of  the  groups  numbered 
consecutively  in  the  "Number  of  Offense  Groups"  column  (on 
right-hand  side  of  top  section  of  the  table)  requires  determin- 
ation of  Pks  with  post-test  AFEWES  simulations  (or  with  other 
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Over  Defense  *<ode* 


aIt  is  assumed  that  missile  track  jamming  (MTJ)  is  not  used  Use  of  MTJ  Mould  require  more  simulation  rurs  since  off •' i*" 
processing  could  not  be  used  (see  Section  B 1 ) . 

^Consistent  Mith  test  matrix  of  Table  2. 

Cumulative  number  of  groups. 

d[n  this  column,  indicates  doubt  that  the  test  will  include  engagements  of  this  qr.iur  CV  (Concept  validation1  ’nd'iatrs  fa 

the  number  of  post-test  simulations  required  might  be  reduced  (or  possibly  eliminated'  by  the  pre-Pha^e  II  (v  simulations  of 
block  1 of  Fiqure  3,  Chapter  III.  PG  (Partial  Grid)  indicates  that  few  enough  engagements  may  be  found  in  these  groups  to  • aro- 
use of  the  partial-grid  procedure  (Chapter  III,  Section  C'  whereby  post-test  replications  of  complete  simulation  runs  ar»-  -ade 
only  for  qross  geometries  (downrange,  offset,  and  altitude)  represented  in  the  test  No  entry  indicates  that  post-test  repl’  a 
tions  of  simulation  runs  for  complete  grids  (as  defined  by  block  1 simulations)  are  probably  desirable. 
eA  single  mode  or  preset  sequencing  of  operation  during  engagement  is  assumed  Otherwise  additional  qrours  • r other  -od« • 
be  required.  Similar  remarks  may  be  applicable  to  the  mixes  which  include  support  jamminq 
fThe  product  (Total  Number  of  Offense  GroupsH  M ._)  N , the  ma»imum  number  of  qrou,"  * • - ’ a * e ■ • • 

Hr  fnrr*  Anl  I UVfr  Ue’dljc  nOofl  mix*r 
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procedures  developed  In  pre-test  simulations)  for  certain  com- 


binations of  SAM  defenses  and  their  operating  modes  shown  in  the 
bottom  section  of  the  table.  The  KCM  mixes,  which  involve  on- 
board ECM,  corridor  chaff,  support  Jamming  (SOJ  and  escort), 
and  AHM,  are  designated  in  this  table  by  the  same  parenthetic 
numbers  (li-(l>)  as  in  Table  of  Chapter  111  (numbers-  ( b ) and 
( d ) , which  are  associated  with  escoi't  jamming,  do  not  appear 
because  only  the  Navy  will  fly  escort  missions). 

Although  mix  designation  (1)  serves  as  the  non-:-' CM  contta  1 
case  for  comparison,  on-board-ECM-only  mixes  (4)  and  (7)  are 
basic  mixes  for  mixes  (3)-U')  and  (7)-(?)»  respectively,  in  the 
sense  that: 

(1)  They  are  combined  with  the  remaining  mix  elements  one- 
at-a-time  to  form  mixes  (3),  (h)»  and  (rl,  and  mixes 
(8)  and  (''),  respectively  — 1 .e . , either  (*0  or  (7) 
occurs  in  all  but  two  of  the  KCM  mixes. 

(C)  It  is  possible  that  mixes  (3)  and  (h)  may  be  obtained 
from  the  F^  matrices  of  ( ) , and  (8)  from  t hose  of  ( 7 ^ 
without  as  many  simulations  as  would  be  required  ha d 
F^  matrices  not  already  been  obtained  for  (41  and  (',’1. 

The  extent  to  which  the  second  item  above  can  be  realised  is 
contingent  upon  the  results  obtained  from  the  pre-test  simula- 
tions of  block  1,  as  indicated  by  the  CV  (concept  validation^ 
designations  In  the  "Applicability"  column. 

For  each  SAM  type,  the  selections  Illustrated  In  the  bottom 
section  of  the  table  in  the  column  "ECM  Mixes  Associated  with 
each  Defense  Mode"  (and  in  the  columns  to  the  right  of  it) 
assume  that  against  a given  mix  designation  (involving  one  or 
perhaps  more  offensive  groups)  the  same  mode  of  operation  is 
always  used.1  This  is  why  the  summation  over  the  defense  modes 

‘This  assumption  causes  the  table  to  include  only  the  major  modes 
of  defense  operation.  If  other  modes  (mainly  RCCM  circuits  like 
FTC,  IAGC,  lin  log  receivers,  etc.)  were  not  used  consistently 
within  these  major  modes  (or  groups),  this  would  be  taken  into 
account  as  described  in  the  t hi rd- from- last  paragraph  of  Chap- 
ter III.  The  problem  could  be  (continued  on  next  page) 
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(and  over  the  SAM  types)  in  the  last  column  equals  the  number 
of  SAM  types,  i.e.,  3.  If  this  assumption  is  not  consistent 
with  defense  tactics  actually  used,  i.e..  If  more  than  one  m de 
of  defense  operation  were  used  against  a riven  mix  or  ! Terse 
group,  the  unity  figures  of  the  last  column  would  become  greater 
than  unity  (and  sum  to  more  than  3)  by  the  appropriate  amc unts 


to  properly  reflect  the  increase  in  N 


mix  + r * 


the  number  > f 


representative  (or  mix  and  mix-related) 
1 at  ion 

(r 


*r.  UP;' 


requlrinr  slmu- 
•oui 

'Over  defense  Modes ) » 1,e,»  the  product  of  the  sums 
right-hand  column  of  the  two  sections  of  the  table. 


N’-iix  + r is  the  Procluct  (Total  Number  of  ffense 


If  all  groups  identified  in  .'able  3 are  actually  realised 
in  the  Phase  II  tests  and  were  to  require  simulation,  and  if 
"conventional"  APEWES  procedures1  were  used,  then  the  re 
desirable  post-test  approach  of  obtaining  a complete  (but 
coarse)  grid  of  P(.s  for  each  group  would  involve  about  (PtxV- 
(2x4)  = 3»3bO  "normal"  AFEWES  runs.2  (This  may  be  compared 
with  the  5,000  normal  runs  required  for  individual  slmulati.n 
of  perhaps  1,000  Air  Force  engagements  which  Heferenoe  I r up.  . / 
estimated  might  take  place  in  the  tests.)  Presumably  partial 
total  use  of  the  part i al-grld  procedure  of  simulating  a group 
only  for  grid  volumes  occupied  by  test  engagements  (geo*.  ion 


(cont'd)  largely  avoided  If  the  assumption  could  be  made  t nat 
AFEWES  trackers  and  Phase  II  test  trackers  woule  set'  similar 
scope  pictures  and  would  handle  the  ECCM  circuits-  the  same  way. 

lWhereby  5 replications  of  a "normal"  simulation  run  l launching 
successive  salvos  in  real  time  in  a single  offset  (or  radial) 
and  altitude  combination)  would  give  intercepts  at  perhaps  1 V 
of  the  ranges  appropriate  to  a rather  coarse  grid. 

2First  parenthesis  = number  of  groups  Nmjx+r»  second  factor  = 

number  of  normal  AFEWES  runs  per  group  and  per  offset  (or 
radial)  and  altitude  pass;  last  parenthesis  covers  two  passes 
each  over  1 radial  plus  3 offset  paths  at  1 altitude  for  a 
rather  coarse  grid,  assuming  P^  symmetry  about  the  radial  pat1, 
(two  passes  may  be  needed  to  provide  enough  salvo  intercepts 
along  a given  offset  or  radial  path). 
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Chapter  IV)  would  result  in  a requirement  for  appreciably  less 
than  1,000  normal  runs1  (since  the  last  of  the  above  three 
factors  would  he  reduced,  and  few  or  no  engagements  would  occur 
In  some  fraction  of  the  groups  of  the  first  factor). 

Except  for  MTJ  (missile  track  Jamming),  either  the  complet 
grid  or  the  partial-grid  approach  could  use  " I’E  tape"  runs 
instead  of  normal  runs  (see  Section  B following''.  This  would 
eliminate  the  «?  In  the  third  factor  above  for  the  complete-grid 
approach,  and  for  those  partial-grid  runs  where  intercepts  over 
all  range  grids  of  a given  offset  path  are  required.  further 
cost  benefits  which  may  he  achieved  from  use  of  TE  tape  runs  ar 
based  on  the  expectation  that  the  pre-test  simulations  will  o-ho 
that  more  lower-cost  off-line  runs  can  he  used  with  less  higher 
cost  on-line  TE  tape  runs  without  loss  of  statistical  significa 

If  in  Table  3 the  groups  with  "?"  in  the  Applicability  col 
umn  indeed  do  not  appear  in  the  tests,  then  the  factor  (.'8x3)  1 
t lie  estimation  of  the  above  paragraphs  becomes  (l^x8>,  providin 
about  30  percent  reduction  in  number  of  runs  required.  This 
could  be  offset  by  changes  in  tactics  or  doctrines  from  those 
assumed  in  Table  3 (e.g.,  use  of  MTJ,  different  formations,  and 
other  defense  modes).  Increasing  the  number  of  groups  v tints 
giving  fewer  runs  per  group)  would  tend  to  increase  the  appli- 
cability of  t tie  partial-grid  procedure  (and  vice  versa). 

♦ 

Finally,  although  a substantial  reduction  in  the  number  of 
post-test  simulations  required  is  expected  to  result  from  appli 
cation  of  the  pre-test  simulation  findings  (Section  B,  below', 
this  cannot  be  accurately  predicted  before  the  findings  are 
available.  As  soon  as  mission  plans  and  defense  tactics  become 
firm,  and  pre-test  simulat ion  findings  are  available,  more 
realistic  groupings  as  in  Table  3 (as  well  as  diagrams  of  pos- 
sible group  intercept  positions  as  in  Figure  , Chapter  III) 

1 Reference  1 estimated  that  1,000  normal  AFEWES  runs  could  be 
carried  out  for  $150,000.  However,  tills  figure  does  not  take 
all  associated  costs  into  account. 
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Since  sufficient  data  for  classification  car.  be  retained 
from  limited  information  on  test  conditions  at  only  two  t '.mo.  — 
time  of  launch  and  time  of  intercept  for  completed  engagement s — 
less  data  are  needed  for  classification  of  engagements  t ban  :uv 
needed  for  engagement  simulation  (data  for  the  latter  are  covered 
in  Appendix  D) . 


'With  obvious  exceptions,  the  data  is  also  applicable  te  AA.-t 
engagements,  as  further  discussed  in  Chapter  V. 
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Table  4.  DATA  LISTINGS  (FOR  EACH  SAM/AAA  ENGAGEMENT)  REQUIRED  TO 
CLASSIFY  ENGAGEMENTS  INTO  MIX-RELATED  GROUPS,  AND  TO  SHOW 
DOWNRANGE,  OFFSET,  AND  ALTITUDE  COORDINATES 


A.  Engagement  Identification 

(1)  SAM  or  AAA  Type  (e.g.,  SA-2E) 

(2)  Site  Number 

(3)  Engagement  Number  (in  sequence  during  the  strike  for  each 

site) 

(4)  Time  of  start  of  engagement  hour,  minute,  second  (i.e.,  time  of 
launch  or  start  fire  while  an  aircraft  is  being  tracked) 

(5)  Was  engagement  completed.''  Yes/No.  If  No,  apparent  reason  (chaff 
SOU,  ARM). 


(6)  Time  of  end  of  completed  engagement  hour,  minute,  second , (time  ot 
target  intercept  or  stop  fire  under  conditions  where  target  is  being 
tracked) 

(7)  Radar  Track  No. 

(8)  Targeted  Aircraft  Tail  Number  (Aircraft  closest  to  track  position  at 
time  of  intercept) 

(9)  Targeted  Aircraft  Type  (e.g.,  F-4E) 


aFor  SAMs,  a "completed  engagement"  is  defined  as  an  engagement  in  which 
the  target  aircraft  is  being  tracked  at  the  time  of  estimated  intercept. 
A SAM  engagement  may  not  be  completed  either  because  of  break-lock  with- 
out target  reacquisi t ion  or  because  of  "radar  off"  prior  to  intercept. 
All  AAA  engagements  are  considered  to  be  oompleted--ei ther  at  "stop 
fire,"  or  when  radar  track  is  broker  (see  next  to  last  paragraph  of 
Chapter  III). 


UNCLASSIFIED 


UNCLASSIFIED 


Table  4.  (CONTINUED) 


B.  Geometry-Related  Engagement  Conditions  for  Completed  Engagements 


At  Time  of  Launch 
(or  Start  Fire) 

At  Estimated  Time 
of  Intercept 
(or  Stop  Fire) 

(1)  Targeted  Aircraft  Position 

Relative  to  Site  Location 

(Range,  Az,  El) 

(2)  Estimated  Flight  Path  Direc- 

tion  (Aximuth  Angle  Relative 

to  True  North) 

f 

(3)  Targeted  Aircraft  Position 

l 

from  Site  Relative  to  Esti- 

t 

mated  Flight  Path  Direction 

l 

(downrange,  offset) 

i 

£ 

(4)  Relative  Altitude  Between 

1 

Aircraft  and  Site 

1 

(5)  Incremental  Locations  Relative 

Tail  # 

Tail  * 

1 

to  Targeted  Aircraft  Position 

ARng 

ARng 

[ 

of  All  Aircraft  jamming  on  the 

aAz 

aAz 

site  frequency  within  -2  radar 

AE 1 

A El 

i 

receive  beamwidths  (narrow 

dimension)  horizontally  and 

j 

vertical lya 

This  will  require  search  within  a solid  angle  window  relative  to  the 
azimuth-elevation  angle  of  the  targeted  aircraft.  Similar  search  with- 
in about  t7°  about  the  radar  pedestal  boresight  of  any  other  battalion 
radar  with  overlapping  coverage  and  in  the  same  frequency  band  will  be 
required  at  time  of  intercept  for  DECM  targets  if  pre-test  simulations 
show  significant  degradation  of  DECM  under  interference  conditions 
possible  in  the  tests  (see  Appendix  B,  Section  3e). 
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Table  4 (CONTINUED) 

C.  Mix-Related  Offense  Conditions  for  Completed  Engagements 


(1)  Target  Aircraft  On-Board  (Self- 
protection) ECM  operating  against 
Site  Radar: 

(a)  yes/no 

(b)  ECM  Equipment  Designation 

(c)  Frequency  of  Operation 

(d)  Mode  of  Operation 

(e)  Power  Output  (if  available 
from  preflight  checkout) 

(2)  Jamming  from  other  than  target 
aircraft  ( Cl -2  (5))  operating 
against  site  radar  for  each 
aircraft  (listed  sequentially) 
located  within  +2  receive  beam- 
widths  (narrow  dimension)  about 
target  aircraft  angle. 

(a)  Tail  Number 

(b)  ECM  Equipment  Designation 

(c)  Frequency  of  Operation 

(d)  Mode  of  Operation 

(e)  Power  Output  (if  available 
from  preflight  checkout) 

(3)  Pre-laid  Chaff  Corridor  covering 
location  of  target  aircraft 
(yes/no) 

(4)  Target  Aircraft  dispensing  self- 
protection chaff  (yes/no) 

(5)  Target  aircraft  in  ordnance 
delivery  maneuver  (yes/no) 

("yes"  based  on  engagement 
within  20  seconds  of  the  time 
of  ordnance  delivery) 

(6)  Target  aircraft  or  evasive 
maneuver  (yes/no)  ("yes" 
based  on  time  of  engagement 
after  ordnance  delivery,  if 
that  is  the  established 
procedure) 
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Table  4.  (CONTINUED) 


D.  Mix-Related  Defense  Engagement  Conditions  f„r  Completed  Engagements 


(1)  Tracking  Radar  Frequency  (s) 

(2)  Tracking  Radar  Mode  (auto- 
matic, manual) 

(3)  For  SAM  Sites: 

(a)  Missile  Guidance  Mode 
( 1/2  rectified  or  3- 
point) 

(b)  Number  Missiles  Pet- 
Salvo 

(c)  For  SA-2E  Sites  Opera- 
tional Mode  (TWS  or  TWS 
RO) 


At  Time  of  Launch 
(or  Start  Fire) 


At  Estimated  Tir 
of  Intercept 
(or  End  Fire) 


UNCLASSIFIED 


i 


i 


UNCLASSIFIED 


Table  5.  TEST  DATA  REQUIRED  TO  DERIVE  LISTINGS  OF  TABLE  4 


DATA  ITEM 

UNITS  AND  RANGE  OF  VALUES 

A.  TRACKING  RADAR 



(1)  Site  number  and  type 

(2)  Time  of  missile  launches  (start  fire) 

hour,  minutes,  seconds 

with  target  lock-on 

(3)  Time  of  missile  intercept  (stop  fire) 

hour,  minutes,  seconds 

with  target  lock-on 

1 

(4)  Time  of  target  "radar  offs" 

hour,  minutes,  seconds 

(5)  Time  of  target  breaklocks 

hour,  minutes,  seconds 

Time  of  target  reacquisitions  after 

hour,  minutes,  seconds 

breaklock  (prior  to  intercept  or 

| 

stop  fire) 

(6)  Az,el  of  angle  trking  boresight 

degrees  0-360,  0-90 

(7)  Az,el  of  radar  pedestal  boresight 

degrees  0-360,  0-90 

(8)  Tracking  mode 

Auto,  manual 

(9)  Missile  guidance  mode 

1 /2  rect . , 3- poi n t 

(10)  Operational  mode  (SA-2E  only) 

TWS  , TWS  R0 

(11)  Frequency 

MHz 

(12)  Aircraft  within  chaff 

yes/no 

B.  AIRCRAFT 

( 1 ) Tail  Number 

number 

(2)  Function 

(descri pti ve) 

(3)  Type 

(descriptive) 

(4)  Slant  range  (W rt  radar ) 

yards 

(5)  Azimuth  (wrt  radar) 

degrees,  0-360 

(6)  Elevation  (wrt  radar) 

degrees  , 0-90 

(7)  Ground  speed 

feet/sec  0-2000 

(8)  Est.  flight  path  direction 

degrees  0-359 

(9)  Type  formation 

(descri tpi ve) 

(10)  ECM  system  type 

(descri pti ve ) 

(11)  ECM  equipment  configuration 

( descri pti ve ) 

(12)  Number  ECM  pods 

number  0-5 

(13)  ECM  pod  ID 

number  000-0 

(14)  Missile-track-jam 

yes/no 

(15)  SOJ 

yes /no 

(16)  Escort,  jamming 

yes /no 

(17)  Transmitter  ID 

number  000-999 

(18)  Transmitter  frequency 

number  000-20,000  MHz 

(19)  Transmitter  bandwidth 

MHz  1-500 

(20)  Transmitter  modulation 

(descriptive) 

(21)  Transmitter  power 

k i 1 owatts  (in  db ) 

(22)  ECM  equipment  mode 

number  1 , 2 or  3 

(23)  Dispensing  chaff 

yes/no 

(24)  Type  chaff 

(descri pti ve ) 

(25)  Rate  of  Dispensing 

times  per  second 

(26)  Tactic  (maneuver) 

(descriptive) 

(27)  Acceleration 

feet/sec2,  0-300 

(28)  Downrange,  offset  from  radar 

yards  , yards  , 

site  relative  to  estimated  flight 

path  direction 

(29)  Altitude 

feet,  0-100,000 

aThe  estimated  flight  path  direction  at  the  time  of  each  engagement 
could  be  obtained  manually  from  the  aircraft  plots  and  inserted 
into  the  data  bank  for  automatic  processing.  It  could  also 
be  obtained  from  RMS  track  information  for  a period  of  30 
seconds  prior  to  launch. 
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B.  PRE-TEST  VALIDATION  OF  ENGAGEMENT  SIMULATION  CONCEPTS 
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ON  - LINE 


OFF  - LINE 


AFEWES 

/end\  | 

WITH 

J rtAMc  J j ^ 

IBM 

' * fz 

DDP  516 

V TAPE  °J  j 

360 

» p 

^ 1 

^ k 

a.  Records  relative  end-game  orientations  and  geometries  for  each  missile  vs  up  to  4 airciaft 

b.  MD  miss  distance  (closest  approach)  to  each  of  up  to  4 aircraft 


A.  PROCESSING  OF  END  GAME  TAPE  FOR  "NORMAL"  AFEWES  RUN 


DDP  516  TGT 
TRANSLATION 
PROGRAM 


TE  \ 
TAPE  a, 


Rf  AS  d 


/^TPN  1 i 

k MD 

AFEWES 

J ) LI  i » 

/ tlNU  \ 

IBM 

* ^fz 

\ TAPE  jX 

PROGRAM 

Vtape' J 

360 

k P 

...»  k 

a.  Records  true  positions  of  up  to  7 aircraft,  plus  radar-tracked  position 

b.  MD  - miss  distance  (closest  approach)  to  each  of  up  to  4 aircraft 

ca  r 

c.  MD  , miss  distance  (closest  approach)  to  each  of  up  to  7 aircraft  foi  ze>o 

error  missile  tracking 

d - A0  = angle  between  tracked  direction  and  true  direction  of  (each  of  up  to  4 ) 

2 2 ? 

aircraft  at  target  range  R.  lA0)  (AW  _)  * (A6rl)  ■ 

t AZ  EL 

Obtaining  R^  A6  would  require  onalysis  not  now  provided  by  AFEWES. 
e.  Records  relative  end-game  orientations  and  geometries  for  each  missile  vs  up  to  4 aircraft 

B.  PROCESSING  OF  TRACKING  ERROR  (TE)  TAPE  FOR  "TE  TAPE"  RUN 

6-75-H-t 

Figure  5 (U).  BLOCK  DIAGRAM  OF  PROCEDURES  FOR 
TWO  TYPES  OF  AFEWES  RUNS 
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time)  processing  to  obtain  MDf„  and  i'k  (assuming  cero-error 
missile  tracking),  as  illustrated  In  Figure  ‘SB  (without  the 
dotted  paths ) . 1 


The  capacity  limit  of  the  AFKWEP,  facilit  y with  -t  n i-  i ; 

run  is  strike  and  3 SOJ  aircraft,  with  M!>  , and  1 ebtainal  ie 

t z k 

only  on  the  strike  aircraft  . However,  by  using,  the  procedure, 
of  Figure  *SB , the  3 SOJs  (with  on-hoard  KCM  appropriate  t 
strike  aircraft)  may  be  flown  as  strike  aircraft  vwiti.  ut  ra-sar 
cross-sect  ion ) in  a formation  of  7,  and  MD„ . and  ! soul  i t 

t 13  J< 

obtained  for  each  of  the  7 in  two  atepa  ar.  follow.*: 

(1)  Carry  out  the  procedure  as  Indicated  in  FI, -are  • , 
without,  using  the  dotted  paths,  to  obtain  V.  ,,  and 
F^s  for  the  four  strike  aircraft  (closest  in  ran  • ' . 
Comparison  of  MDca»  with  MDca  could  indicate  wuet  ner 
the  effect  of  aero-error  missile  t rack Inc  is  nr 
g.ible,2  and  KpAO  could  be  used  to  compare  wit:, 
previous  determinations  of  that  quantity  with  tne 
ALQ-126  wliich  were  correlated  with  l'j.s, 

(2)  If  no  fuzing  occurred  in  (1),  the  target  t runs ! at  i , n 
program  (dotted  path)  Is  introduced  to  produce  a new 
TE  tape  using  the  same  missile  trajectories,  tut  trans- 
lating 3 strike  aircraft  to  the  3 former  ;\V  p ,-slt  i . n. 
so  that  MDp..  and  P^  (and  MDca»  and  KtAO  if  do. 

will  now  be  determined  for  those  posltlens. 


'This  off-line  processing,  although  real-t  l me , is  '.  rss  c . t 
because  radars  do  not  have  to  be  manned,  and  there  is  less 
equipment  downtime. 

2 For  MDca,  tlie  missile-tracking  hardware  of  the  radar  is  re- 
quired in  the  loop,  whereas  only  software  Is  involved  for  Ml\-a ' . 
Actually,  four  now  strike  aircraft  positions  could  be  intro- 
duced in  step  (2),  but  the  ECM  effects  (on  the  missile  trajec- 
tories , which  are  retained  in  the  end-game  program''  would  still 
be  due  to  only  seven  aircraft,  not  eight.  With  this  limita- 
tion, repeating  step  (2)  with  four  new  strike  positions  would 
allow  Pks  to  be  obtained  on  multiples  of  (or  fewer'  aircraft  . 
The  target  translation  program  requires  software  development 
which  is  being  accomplished.  Without  such  development,  only 
changes  in  P^  for  the  original  four  strike  aircraft  could  be 
observed  as  the  number  of  aircraft  with  on-board  Jammers  in 
tiie  formation  is  increased  from  4 to  7. 


no 


L 
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In  the  tentative  test  plan  of  Table  6 (costs  may  require 
some  omissions),  all  runs  are  TE  tape  runs  (as  in  Figure  5b) 
rather  than  normal  runs.  Each  group  of  test  configurations 
(bounded  by  the  dashed  lines)  has  different  objectives,  and 
includes  both  Navy  and  Air  Force  runs.  Manual  tracking  with 
3-point  guidance  is  appropriate  to  all  runs,  and  each  appropriate 
sub-group  is  to  be  done  with  the  SA-2E  first  in  Mode  1,  and 
then  in  Mode  III.  With  scaling  for  beamwidths,  the  trends 
established  for  the  former  should  generally  apply  to  the  SA-3, 
and  those  established  for  the  latter  should  generally  apply 
to  the  SA-2B.  Brief  discussions  by  group  follow.  It  is  obvi- 
ous that  the  tactics  and  modes  of  operation  actually  to  be 
used  in  the  tests  should  be  employed  in  these  pre-Phase  II 
simulations  if  they  are  to  realize  maximum  post-test  utility. 

a . Group  1 --Bas i c On-Board  ECM  Grids,  Formation  Size 
Variation,  Ratio  of  On-  to  Off-Line  Processing 

As  discussed  earlier  (Section  Al),  on-board  jamming  is 
perhaps  the  most  basic  mix.  Coarse  grids  of  tracking  error, 
miss  distance,  and  P^  are  obtained  for  the  4-aircraft.  formation' 
of  this  group,  thus  indicating  how  rapidly  these  quantities  vary 
along  flight  paths.  The  analogous  grids  obtained  for  7-aircraft 
formations  will  indicate  whether  formations  of  more  than  four 
aircraft  give  appreciably  different  results.1 


1 Because  of  sidelobe  rejection  and  the  nature  of  ECM  and  ECCM 
techniques  involved,  maximum  difference  might  be  expected  if 
the  3 additional  aircraft  are  within  the  same  solid  angle  as 
the  original  four.  So  many  different  aspects  of  the  formations 
will  be  presented  that  all  offsets  (or  downrange  elements) 
would  not  need  to  be  covered  by  the  7 aircraft  to  demonstrate 
no  appreciable  difference.  However,  if  appreciable  differences 
were  found,  the  additional  set-up  then  required  to  obtain  the 
complete  grid  for  7 aircraft  would  make  the  procedure  more 
costly  than  it  would  have  been  if  the  complete  grid  had  been 
obtained  originally. 
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Table  6 (U).  TENTATIVE  OUTLINE  OF  SIMULATION  TEST  PLAN  FOR 
VALIDATION  OF  EWJT  SIMULATION  CONCEPTS4 


“All  test  configurations  are  to  be  run  vs  the  SA-2E  in  manual  track  with  3-point  guidance 
for  both  Mode  1 and  Mode  111  (the  number  of  runs  indicated  is  for  one  mode  only). 

Average  altitude  of  aircraft  is  18  kft  above  MSL. 

^TC  ■ Test  Configuration. 

cf-4  used  for  Air  Force  strike  aircraft,  A-6  and/or  A-7  for  Navy.  If  scintillation 
and  vulnerability  characteristics  are  not  available  for  A-7,  those  of  F-4  will  be 
used.  SOJ  aircraft  is  the  AE-68  EXCAP  with  ALQ-99  Jammer. 

dln  appropriate  mode  of  operation. 

1 A 1 1 runs  to  be  TE  tape  runs 

fAt  10  nmi  on  a radial  course. 
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Some  of  the  data  from  this  group  will  also  to  used  (as 
further  discussed  in  Appendix  0)  to  determine  whether  results 
(in  TE,  MDf„,  or  ) using  TE  tape  runs  (the  procedure  of  Figure 
h B ) can  provide  the  same  confidence  level  as  those  using  normal 
runs  (procedure  of  Figure  FA),  while  using  less  of  the  more  ex- 
pensive on-line  runs  (but  more  of  the  less  expensive  off-line 
runs).  Although  it  might  appear  more  efficient  to  determine 
this  "optimum"  ratio  of  on-line  to  off-line  runs  before  proceed- 
ing to  Groups  2 and  3,  the  necessary  delay  and  interruption  of 
a continuous  2-week  schedule  of  runs  might  cost  more  than  pos- 
sible savings. 

b . Group  2--Corridor  C_h  a f f P a ram  e t ers 

In  this  group  one  offset  path  is  run  for  Navy  and  Air  Vrvn 
on-board  EOM  (same  ECM  as  In  Group  1 ) , and  for  no  on-l\  ard  . 

(Air  Force  only)  at  1 signal-t o-chaf f ratios-  In  order  to  deter- 
mine : 

(1)  The  width  of  the  narrow  range  of  signal-to-ohaff  rat  k , 

A (S/C),  expected  to  result  in  transition  from  effective 
to  ineffective  chaff. 

(2)  The  magnitude  of  signal-t  o-chaf  f ratio,  g:  f \ , , 

at  which  such  transition  occurs-. 

Above  (S/C). . , , f,  should  be  essentiall.x  sere.  re',  ow,  it 

threshold 

should  approach  results  found  in  Group  1 above  for  cn-i card  FCX 
Ln  one  case,  and  results  of  no-KCM  calibrations  v routinely  run'' 
in  the  other  case  (Air  Force  only'. 

From  this  group,  it  would  also  be  possible  to  establish  the 
accuracy  of  operator  (or  observer)  correlation  of  B-scope  appear- 
ance with  the  transition  of  (2)  above.  However,  this  correlation 
will  not  be  needed  if  S/C  ratios  available  from  TADBM  are  used 

to  compare  with  the  (S/C)..  . . , established  by  (.'"',  as  further 

u n re  s no  i.  ci 

discussed  in  Appendix  D. 

For  purposes  of  this  group , no  chaff  corridors  need  be 
delineated  (chaff  will  cover  the  entire  field  of  the  scopes). 

H3 
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c . Group  3--Condi tions  of  SOJ  Eff ectjve n ess 

To  test  the  assumption  that  SOJ  will  not  be  effective  when 
the  angle  between  the  radar-SOJ  direction  and  the  radar- ( t arret 
aircraft)  direction  is  equal  to  or  greater  than  the  ff-axls 
angle  of  the  first,  effective  sidelobe  maximum  f the  re  cel  v Ini' 
antenna  (In  Its  narrow  dimension),  a s.ix-mlle  ff  path  a. 
in  Group  2)  will  he  used  for  both  Navy  and  Air  Force  st  ri in- 
formations with  on-board  FCM.  1 An  SOJ  aircraft  will  It-  fl.  wn 
at  a constant  SJ  nml  range  ( 1 ^ In  a constant  average  tackl  te, 
(2)  In  a variable  sidelobe  structure,-’  and  ( Jl--proLal  ly  t in- 
most stressful  case  of  the  three- -removed  fr>”\  t he  radar-t nr  • " 
direction  by  a constant  five  degrees  in  aslmutn,  so  mat,  over 
the  entire  flight  path  of  the  target  , the  J »J  will  remain 
the  first  effective  sidelobe  of  the  arimuth  antenna.3 





Note  that 
F.CM . 


In  the  test  mlxe 


nvo i ved 


nil  v 


As  the 
the  re 


SOJ  Is  swept 
:eive  beam  via 


rue 


by  TWS  through  the  sidelobe 
qulring.  AKFWKS  circuit  modiflcati 

special  calculation  for  the  SOJ  flight 
Note  (1)  that,  for  the  strike  formation  to  cover  the 
which  stresses  the  assumption  most,  intercepts  need  b 
out  onlv  at  the  extreme  lethal  range  (giving  largest 


ure 


’This  require 


path, 
posit io 
e carri 
J/S  rat 
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ed 
1 o t 


and  (2)  that,  if  a radial  path  were  used  (giving  smaller  J/S 
ratios  than  the  6 nmi  offset  except  at  large  range),  no  spec 
calculation  of  flight  path  would  be  required.  However,  use 
either  of  these  limiting  cases  (especially  t tie  first)  would 


ial 

f* 


entail  the  risk  than  an  effect  would  be  observed 
Indication  of  whether  It  would  become  negligible 
stressful  geometric  conditions. 
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2.  Further  Candidates  for  V a 1 i dation  Tests 

Should  it  be  possible  to  conduct  test  s t e.  ond  those  ir.ci 
In  the  outline  of  Table  4 , the  following  candidate's  r exit 
are  being;  considered.  Priorities  would  be  affected  by  furt  • 
developments  in  tact  ics  to  be  employed.  i er:.upe  some  sat.  : • 
done  more  efficiently  post-test. 

a.  Simulation  of  appropriate  features  and  conditions 

of  engagements  for  target  delivery  maneuver  .pre- 
sumably with  on-board  :-YK' . -'x  am  in  at  ion  of  m!  ion 

plans  and  target  and  site  loo  at  lone  might  : un.d  'a 
prob  lem . 

b . Simulation  of  appropriate  features  mu  condi t i 

of  engagements  for  evasive  maneuve r i y AliX  aircraft 
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.jammer  antenna  pattern,  can  be  achieved  in.  t ne 
required  setup). 

Simulations  involving  essential  features  - f esc.  rt 
Jamming  probably  should  be  run  when  basic  tactics 
arc  determined. 

The  SOJ  simulations  of  Group  1 of  the  test  plan  of 
Table  b should  eventually  be  extended  to  determine 
matrices  (with  on-board  Jamming)  for  SOJ 
within  a main  beamwldth  about  the  target 
using  elements  of  Group  1 as  a base  case 


d i rest i on 
direct  ion, 
for  comes. risen 


Although  there  is  a presumpt  ion  t hat  i'^s  vs  forma- 
tions of  aircraft  dispensing  corridor  chaff  will  not 
be  significantly  altered  from  those  vs  the  formations 
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'Some  other  case  associated  with  a larger  number  of  te 
engagement s might  be  preferrable  as  a baseline. 
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were  they  not  dispensing  chaff  (.manual  tracwin 
being  used  In  both  Instances),  It  would  be  des 
to  demonstrate  this.  An  Investigation  of  the 
of  self-protection  chaff  coupled  wit-  •.  vasive 
appears  to  be  higher  In  priority,  a.  . ur:  l ■-  • • .• 
will  be  used.  However,  In  either  case,  rem  va 
the  present  limitation  of  dispersing  a total 
chaff  bundles  from  only  one  aircraft  w ala  ret 
least  a two-month  effort  to  permit  snaring  r.c 
between  aircraft  in  formation  and  recyollt 
(.previously  dispensed  bundles  would  dir  .if ; ear 
needed  for  recycling). 
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Chapter  V 

ENGAGEMENT  SIMULATION  AND  ANALYSIS  PLANS  FOR  AAA 


A.  GENERAL 

essential  features  of  the  simulated  AAA  radars  expected 
to  participate  in  the  Fhase  II  Tests  were  given  in  Volume  II 
of  WSEG  Report  223  (Chapter  III  of  Appendix  F).  Et  now  appears 
doubtful  that  any  complete  Soviet  weapon  systems  will  be  avail- 
able. If  not,  only  AAA  radar  tracking  will  be  simulated  in  the 
tests,  with  no  possibility  of  transitions  between  radar,  optical 
and  mixed1  tracking  modes,  as  would  normally  take  place  if  EJM 
produced  radar-tracking  and  associated  fire  control  ^director) 
perturbations.  Such  transitions  could  be  simulated  in  real 
time  on  the  AFEWES  AAA  facility  for  fire  control  of  the  radar- 
optical  director  type,  with  miss  distances  recorded  on-line, 
and  P.  s determined  off-line,  for  any  combination  of  via  tracking 
modes.  Presently  AFEWES  does  not  have  the  type  of  optical  fire 
control  provided  by  the  mechanical,  lead-angle  computing  sir::: 
which  is  normally  mounted  on  the  guns.  It  is  now  anticipated 

' in  the  tests 
P i'OO*  I 0 v!  X.  Obi 


that  only  the  radar  tracking  mode  will  be  used  vi- 
and (2)  in  simulation: 
upon  that  assumption. 


and  (2)  in  simulations  for  P.  , and  this  chapter  is 


Optical  angle,  radar  range. 

2 Draft  material  has  been  prepared  predicated  upon  the  alterna- 
tive assumption  that  AFEWES  would  determine  P^s  for  all  track- 
ing modes  of  the  57  mm  gun  with  FIREPAN  and  FLAFWHEEL  radars 
and  appropriate  directors. 
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B.  COMPARISON  WITH  SAM  ENGAGEMENT  AND  ANALYSIS 

Because  of  the  similarity  of  the  ECM-radar  aspects  .f  AAA 
engagements  to  those  of  the  more  numerous  an  i lengthy  SAM  en- 
gagements , many  of  the  simulation  procedures  diseusse  i for  .'Ah. 
are  directly  applicable  to  AAA.  Thus , the  AAA  equival<  nt 
Table  3 (Chapter  IV,  Section  Al)  for  classifying  the  groups  f 
engagements  required  to  be  simulated  would  involve  essentially 
the  same  group  contributions  from  "Offense  Compositon,  Tactics" 
and  "ECM  Mixes"  (upper  section  of  the  table).  However,  the 
ECM  settings  (versus  conical-scan  rather  than  TWS  radars),  as 
well  as  the  relative  numbers  of  engagements  in  each  group,  will 
usually  be  different.  Under  "Defense  Composition,  Modes"  (lower 
section  of  the  table),  SA-2B , E,  and  -3  will  be  replaced  by  the 
AAA  systems  ising  FIRECAN,  FLAPWHEEL,  and  GUNDISil . The  modes 
will  not  include  SAM  modes  I and  III,  but  this  does  not  result 
in  any  decrease  in  the  number  of  groups  requiring  simulation 
(assuming  SAMs  do  not  use  botti  modes  I and  III  versus  the  same 
mix).  As  witli  SAMs,  MANUAL  and  AUTO  modes  in  AAA  also  may  be 
used  against  the  same  mix. 


tances 


Since  a probabilistic  method  based  on  recoi 
?s  is  used  to  determine  P.  for  the  continuoi 


fire,  there  is  no  need  for  the  equivalent  of  the  TE  tape  runs 
advocated  for  obtaining  F^s  for  SAM  salvos  closely  spaced  on 
an  offset  flight  path  (for  complete-grid  F.  matrices).  A rep- 
resentative (fixed  length)  burst  of  fire  could  be  a substitute 
for  the  SAM  salvo  as  the  unit  for  which  P,  is  determined.  How- 

h. 

ever,  in  view  of  the  comparatively  short  duration  of  AAA 
engagements,  their  smaller  expected  number,  and  the  fact  that 
some  post-test  simulation  "short  cuts"  analogous  to  those 
provided  by  SAM  pre-test  simulations  would  require  pre-test 
reruns  for  AAA,1  it  appears  that  AAA  Fj.  determinations  should 

Although  it  might  be  possible  in  pre-test  simulation  to  handle 
seven  jamming  strike  aircraft  (with  software  changes,  as  planned 
with  SAMs),  this  situation  would  (continued  on  next  page) 
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t>«'  maUi*  f'M'  rep rosentat l ve  lengths  of  engagement  s 1 wlthii 
mix-related  group.  Tin*  "represent  at  I.  ve  lengths  of  eugagv 
woulvi  be  selected  from  tlu*  AAA  equivalent  •’  of  t h<*  gp.  p 
v't'pl  dlagramu  of  Figure  4 of  v’hapter  111.  This  would  t 
t lall.v  tlu*  partial-grid  procedure  a.;  d l scussod  for  d-A'- 
that  It  giver,  representative  rather  than  oompletr  gr;  1 
Any  "shortcuts"  or  concepts  t pans  fe rrah  1 e from  prv.*-*  • ‘ . 

simulation::  would  In*  utilised, 

C.  VALIDATION  WITH  HITVAL 


Non-KOM  valldat  Ion  of  AFF.WKd  AAA  fuii't  Ion.;  wit:. 
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excludes  optical  tracking  for  AAA)  . Validation  in  the  radar 
mode  only  (to  be  used  exclusively  for  Phase  II  evaluation) 
would  be  possible  for  GUNDISH , but  it  is  doubtful  that  these 
HITVAL  results  would  be  available  in  time. 

0.  TEST  DATA  REQUIRED 

The  test-generated  data  required  for  classification  of  AAA 
engagement  groups  is  essentially  that  listed  for  SAMs  in  Chap- 
ter IV,  Section  A2,  with  appropriate  substitutions  of  AAA  for 
SAM  ECCM  modes,  and  substitution  of  start-fire  and  stop-fire 
for  missile  launch  and  intercept,  respectively. 

The  non-test-generated  data  required  for  post-test  AAA 
engagements  is  included  with  that  required  for  SAMs  in  Appen- 
dix A. 

The  test-generated  data  required  for  post-test  AAA  engage- 
ments, not  including  that  required  for  classification  purposes 
as  discussed  in  the  first  paragraph  above,  is  included  with 
that  required  for  SAMs  in  Appendix  B. 
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APPENDIX  A 


NON-TEST-GENERATED  DATA  REQUIRED  FOR  SAM  AND  AAA 
ENGAGEMENT  SIMULATION 
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APPENDIX  A 

NON-TEST-GENERATED  DATA  REQUIRED  FOR  SAM  AND  AAA 
ENGAGEMENT  SIMULATION 

The  Following  non-test-generated  data  and  ECM  and  support 
equipment  of  block  3 in  Figure  1 of  Chapter  III  Is  required  for 
SAM  and  AAA  engagements  to  permit  an  orderly  and  expeditious 
utilization  of  the  AFEWES  facility.  The  data  for  items  A throus: 
11  should  be  provided  to  the  Fort  Worth  Operation  of  General 
Dynamics  at  least  six  weeks  prior  to  initiation  of  simulation 
testing.  The  data  of  item  1 will  assist  in  minimising  any 
diagnostic  or  validation  problems  which  may  arise  during  simu- 
lation tests.  Items  D (chaff)  and  C (optical  target  model)  are 
not  relevant  to  Phase  II  post-test  simulations  as  now  planned. 


A. 


Aircraft  Radar  Cross  Section  (horizontal,  vertical  and 
45°-plane  polarizations)  in  4°x4°  (AC  X EL)  increment 
matrix  for  (0-360  by  0-90°)  for  the  E/F,  C/ll,  and  I -bands. 


1.  F-41 

2.  0-10'jC 

3.  A- 4 

4.  A -6 
h.  A-7E 
6.  EA-6B 


B.  ECM  Antenna  Patterns  (horizontal,  vertical,  or  circular 
polarized;  transmit  and  receive)  in  4°x4°  (AC  X EL) 
increment  matrix  (0-360  by  0-00°)  for  the  E/F,  C/H,  and 
I-bands , and  for  installation  in  appropriate  type  air- 
craft of  A.  above. 


'Data  already  available  at  AFEWES. 

A-i 


' 
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1.  ALtj-ll')i 
ALQ- 10‘> 

1 . ALQ-100 

4.  ALQ-ldb 
h.  ALQ-h) 

iiCM  characteristic.-.  ana  dercript  ionc  f 
merit.  (exivpt  ALQ-ll‘>)  In  "h"  above. 

1.  General 

a.  Block  >.11  n-.ram  of  ay. -.tarn 

b . Peak  Power  t wat  t r ) 

c.  Frequency  Oapabi  Lily  (Miir) 

>i . Pulse  widt.ii  t ran. -.ml  t i ed  lur ) 

e.  Duty  cycle  (!'.') 

f . Gain  ( db ) 

tT, . Power  requirement;--  and  t’requetn 

ii . Cool'inf,  requirement." 

i.  Type  connect  era  for  \F  Input  a: 

2.  Mode  Definition.-  (by  Sode  Mumtier) 

a.  Swept  Spot  Noire 

(1)  HI*1  Sweep  limit."  (Miir. ) 

(2)  Spot  Width  (Miir) 

( -i ) :’<weep  Hat  e ( il I 

(4)  Sweep  Function  (Sawtooth, 

( p ) Wobbu  lat  i on  Function  S-hape 
(b)  Wobbulation  LI  mi  to  (ilr. ) 

(7)  Wobbulation  Period  (Sec) 

b.  Amplitude  Modulated  Noire 

(1)  Noise  Bandwidth  (Mila ) 

(2)  AM  Function  (Square,  wave, 
(i)  Modulation  Depth  (db) 

(4)  Wobbulation  shape,  limit  a. 


•y  (n 


• ISO  Ur) 


i S-  a w t 


pe  r l o 


'Data  already  available  at  AFKWK: 
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o.  Pulse  Repe at e i‘ 

(.1)  AM  Function  (shape,  MOD  dept  h,  frequency , 
wobbu lat I on) 

(2)  Range  Gate  Walk-Off  (min  delay,  max  dela\  , 
f unc t l on ) 

(3)  Angie  Gate  Programs  (pulse  up  gate  width  an 
t I m!  up;) 

ROM  Receiver 


a . 

Minimum 

Do  f e c 

: table  R 1 

gna 

i 

( dbm) 

b. 

Thresho 1 

ds  fc 

>r  1 dent  1 

f ! c 

at 

Ion  ( 

dhm 

) 

c . 

Dynami  c 

Range 

‘ of  Re ce 

1 ve 

t* 

tdb) 

d. 

Grit  e r l a 

for 

1 dent  1 f 1 

cat 

1 c 

>n  ( RF 

, V 

RF,  1 

a1,  ,'caa 

Timing, 

Dead 

Space s , 

Amp 

1 I 

t ude 

Med 

u la  t 

Lon,  et c.) 

’f  0 

harac ter  1 

st  let 

i for  ea 

c h 

ty 

pe  of 

c h 

aff  ' 

[ O l'l  ‘ -lol'l  ' 

Planned  Chaf 

T dli 

’.pens  1 ng 

pre 

igt 

■a ms  v 

ALE 

- •>  “ , 

A I . - ’ 5 A , 

Othe r? ) 

Ghaff  Fre  pie 

ncy  i 

\W  O 

lire 

'Wth  Fund 

1 ons 

(up  to  1 

.0  1 

1 rc 

' i k p t ' 

>lnt. 

s ) 

;i . 

Range  dl 

speri 

ilon 

b . 

A z l mu  t,  1 1 

d 1 spt 

M’s  Ion 

l’  • 

E lev  at  1 c 

'll  >11. 

ipers  Ion 

d. 

ROD'  grow 

ith  i' 

i/ert  , hot 

• and 

U * > v'  y 

'el.  . 

\ 

Dr  1 

ft  Kates 

a . 

Alt!  t ud< 

‘ (Ft 

Ml  n) 

b.  Azimuth 

Pune  t 1 one.  of  W l ruts 

c . E 1 t'va  t 1 on 
5.  RCS  Scint i 1 lat 1 on 

a.  Peak-to-Peak  amplitude 
h . Frequency  cont  ent  . 

The  above  chaff  data,  plus  any  t es  t -dor  l ved  , cenfirmlng 
data  (e.g.,  meteorologlca  1 data  affecting  . — see  a 1 so 
Appendix  G,  Sect l on  lb  and  o)  are  required  tor  the  nor- 
mal method  of  chaff  corridor  represent  at  Ion  with  A l*  f.Wf.o . 
However,  present  planning,  would  not  requ  1 re  chaff  simu- 
lation by  AFEWES  (see  Appendix  D) . 
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E.  For  evasive  maneuvers,  the  lirorafl  position:  must  be 
defined  as  a function  of  time.  (Typically  tho  aircraf- 
turns  In  a specified  direction  at  . ome  turn  rate  u'i’  s'- 
and  dives  (or  climbs!  n . eme  rate  until  i final  alt!'  . r 
and  heading  are  reached  ■ -v  t’-'t*  a .-.pee  l t'i  • i r.  "!  a • f ' ! - . 

K.  Mission  Planning  Document / 

G.  An  F-M  target  model  for  project  Ion  on  c creen  " r .q  t !c  i 
AAA  tract  lug  Is  the  only  specific  .aircraft  -t  ype  .ie  , 
available.  There  is  a 1 so  a generic  mode  1 of  di  •"'••rent 
(fixed)  dime' ns  tons  . ford  of  providing  alii:  Iona  ".ode  . . 

Is  t r i v 1 a 1 . 

tl.  BRL  Vulnerability  Data-  The  data  should  Include  it  .1:, 

drawings  of  the  aircraft  w i tit  center  ef  gravity  l.den!  1 :’i  • 
vulnerable  component  Idem  ! f ! eat  ion  ana  ioeat  iott;  co:ap  - 
nent,  vulnerab  i 1 It  y as  a function  of  fragment 
striking  velocity,  and  striking  aspect;  will  cr It  erl a 
def  Ini  t ion  for  gone  rat  Ing  A-Ki  l I and  K-K ' 1 . tat  a;  a: . : . 
contours-  for  Kill  by  overpressure  effect . . in  auai'  , 
probabilistic  data  as.  a function  of  mis-.  ■ i : ■ • . • • : • is 
required  for  by -mm  and  .D-min  AAA  project  i 1 os  . - t '■  r- 

eraft  Involved  ar>  the  following.: 

1.  F-'l1 

— IdUG 

1.  A- it 

•i . A-n 

1 . a-; 

I-.  F.A-bb 


Ha  tiar  Dhar.ac  t or  i s t ! cs  ot'  turo.at  ’•'id.ars 


1. 

J 

A 

n 

ti 


Receiver  battdpas.s  (Mils! 

Antenna  Patterns.  vdb  vs-,  aog' 
Minimum  Detectable  Pi  gna  t.  ^dbml 
Peak  Power  (ktv) 
f.can  Frequency  (Ms) 

RF  (MHz) 

Pulse  Width  ( u s. ) 


I 


7 

!• 
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8.  PRF  (pps) 

9.  Squint  Angle  (deg)  for  AAA. 

J.  ECM  and  support  (AGE)  equipment  with  maintenance  and 

operating  personnel  for  the  five  items  listed  in  h above. 
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TEST-GENERATED  DATA  REQUIRED  FOR  SAM  AND  AAA 
ENGAGEMENT  SIMULATION 
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APPENDIX  B 

TEST-GENERATED  DATA  REQUIRED  FOR  SAM  AND  AAA 
ENGAGEMENT  SIMULATION 


sar.v  setup  procedures. 
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Data  Related  to  ECM  Mix  to  be  Enu 


a.  On-Board  (self-protect ionl  ECM 

tl)  Number  and  types  of  equipments  to  be  available 
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(2)  Number  and  types  of  equipments  to  be  simulate., 
(.with  JETS). 

(3)  ECM  modes  (pre-flight  settings),  and  mode  oi.anre 
log! e . 

Chaff  Dispensing  Data 

(.1)  Dispensing  doctrine  and  or  program,  t o incluue  f 
corridor  chaff  the  number  of  bundles  second  ar.  : 
the  beginning  and  end  of  the  dispensing  perioo.s, 
for  self-protective  chaff  the  timing  of  bursts. 

Chaff  corridor  data  for  normal  AFElvKS  represents!  ! on 

(supplementing  that  of  Appendix  A,  Section  .'s 

(1)  Meteorological  winds. 

( 2 ) Information  on  dimensions  of  each  separable  ■ mr 
dor,  and  on  typical  peak-to-poak  amp  1 it  ado  and 
frequency  content  of  chaff  scinti  llati  or.  , as  c.  . 
be  obtained  from  analysis  of  video  tart  s f t 
scopes  by  comparison  with  AFEEEC  scores  . 


Support  Jamming 

(1)  Modes  (as  a result  of  operator  actions^  as  a 
function  of  time. 

(2)  Antenna  bearing  as  a function  of  time. 

(3)  Transmitted  noise  bandwidth  as  a function  of 
(.4)  RF  as  a function  of  time. 


Data  Related  to  Conditions  Existing  at  Simulated  Radar 
for  Each  Engagement 

a.  Track  Mode  (automatic  or  manual) 

b.  Operational  mode  1. 1 or  III'' 

c.  Uplink  simulation  and/or  missile  tracking  .oops 
requirements 

d.  Missile  guidance  mode  (lni-rectified  or  1-point' 

e.  Operational  doctrine  (to  brief  radar  operators  prior 
to  testing) 

Data  Related  to  Geometric  Conditions  for  Each  Engagement 


a.  Identification  of  each  aircraft  by  type  and  ROM 
loading 
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b.  Position  of  reference  aircraft  with  respect  to  radar 
site  (downrange,  offset,  altitude,  velocity,  and  head- 
ing) at  time  of  initial  missile  launch  (or  AAA  firing 

c.  Plight  path  of  reference  aircraft  as  a function  of  time 
within  *j0  nmi  of  site. 

d.  Location  of  other  aircraft  in  formation  with  respect 
to  reference  aircraft  (X,Y,Z)  as  a function  of  time 

e.  Number,  types,  and  locations  of  interfering  radar 
signals  to  be  supplied  to  ECM  receivers  (Chapter  IV, 
Table  4b) . The  criterion  that  a radar  is  providing 
such  a signal  is  that  it  have  overlapping  coverage 
and  be  active  in  the  proper  frequency  band  with  its 
pedastal  bores ight  within  ‘7  degrees  of  the  engaged 
airci’aft  at  time  of  intercept. 

f.  Identification  of  type  of  maneuver  used,  when  initiated 
and  when  stopped. 
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APPENDIX  C 


OPTIMUM  USE  OF  OFF-LINE  AFEWES 
DATA  PROCESSING 
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appendix  c 

OPTIMUM  USE  OF  OFF-LINE  AFEWES  DATA  PROCESSING 


To  establish  an  efficient  ratio  of  on-line  TE  AFEWES  runs1 
to  off-line  runs2  for  determining  SAM  miss  distance  (MD)  or  kill 
probability  (P^)  to  an  arbitrary  confidence  level,3  consider 
the  example  illustrated  in  Figure  C-1A.  Taking  the  five  TE 
replications  of  a single  MI  group  (the  other  groups  could  be 
used  similarly  for  added  statistical  weight)  gives  the  cases 
of  missile  intercepts  illustrated  in  Figure  C-1B  (disregard  tne 
crosses  and  circles  for  the  moment). 

Tracking  errors  are  random  in  the  vertical  direction  in 
Figure  C-l  because  replications  are  independent.  Tracking 
errors  approach  independence  in  the  horizontal  direction  as  tneir 
separation  in  time  exceeds  their  correlation  time.4  Tracking 
errors  affect  both  intercept  MDs  and  P^s  , as  do  the  remaining 
(off-line  determined)  variations  in  missile  flight,  fuzing,  and 


^n-line  runs  producing  tapes  of  tracking  error  (TE)  in  real 
time  (instead  of  end  game  tapes  of  relative  aircraft-missile 
geometries  and  orientations,  as  with  "normal"  AFEWES  runs). 

20ff-line  runs  using  the  TE  tapes  as  inputs. 

3Assuming  missile-track-jamming  (MTJ)  is  not  used,  and 
assuming  missile  tracking  error  is  negligible,  since  radars 
on-line  are  required  for  missile  tracking.  The  reason  for 
considering  this  problem  is  that  the  cost  of  the  off-line  runs 
is  less  than  that  of  the  on-line  runs,  so  that  there  is  a co 
advantage  in  utilizing  this  combination  instead  of  normal  AF 
runs  when  MDs  or  P^s  are  desired  for  intercepts  at  many  dif- 
ferent downranges  on  a single  offset  or  radial  flight  path 
(as  will  be  apparent  from  consideration  of  Figure  C-l). 

4For  too  large  a time  separation,  a region  of  different  MD 
or  P^  may  be  reached. 
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1ST  Ml  (Ml  .Ilf  INTERCEPT  RUN  «OFF-iiNE  * . T{  Tan. 

J C Tf  TAPE 
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TAPE  REPLICATIONS 
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Figure  C-l . SCHEMATIC  REPRESENTATION  OF  MISSILE  INTERCEPTS 
WHOSE  MISS  DISTANCES  AND  KILL  PROBABILITIES  ARE  DETERMINED 
BY  OFF-LINE  PROCESSING  OF  TRACKING  ERROR  TAPES 


Table  C-l . DATA  GROUPINGS 
RELATIVE  EFFECTS  OF  TE 
ACCURACY  AND 


SUITABLE  FOR  INVESTIGATING 
TAPE  AND  MI  RUNS  ON  PK 
VARIABILITY 
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missile-aircraft  relative  geometry  at  burst  , which  are  thence . ves 
not  entirely  independent  of  tracking  error.  :Muee  te  rune  are 
more  costly  than  Ml  runs,  it  would  he  desirable  to  use  few  f 
them  compared  to  Ml  runs  if  average  results  were  not  adv.-tv- : . 
affected  in  either  bias  or  variability.  A bet  t er  fee l for  •:!. 
might  be  obtained  from  examinat  ion  of  the  Mb's  and  .■  and  •.  r 

k\ 

variances  resulting  from  the  data  groupings  list  od  in  ,'able  : 
and  briefly  discussed  below. 

Data  group  1 of  Table  0-1  averages  il.  • m Mbs-  an  i 

IV 

for  the  25  intercepts  of  Figure  b-lb  te  give  a mean  Ms  mi  a 
mean  l’k  with  associated  s.tandard  lev  la  t ions  whirl',  are  •,  r.  s' 
estimates  obtainable  from  tne  dat  i for  the  >-ni  ie  oxters,  f 
flight  path  Involved.  droup  uses  only  1 s.issilo  1 m • :•  >•••■•  . 1 . 

but  could  be  used  for  direct  comparison  v i It  uses  ' ss. 
number  of  intercepts)  with  the  average  Mi's-  and.  V s prov  t ded  l v 

i\ 

the  standard  5 replications  of  normal  on-lino  A Ebb  runs  . 

After  a similar  standard  has-  been  selected  for  tape  runs 
(as  outlined  below),  s licit  comparison  might  be  pursued  furl  r.e  r 
to  determine  whether  greater  concent  rat  i on  of  the  radar  opera- 
tors on  accurate  track  trig  Just  before  they  expeot  intereept  is. 
the  normal  runs  will  result  in  higher  1 s for  thos-e  run.  i i : 

K 

will  be  difficult  for  the  operator  to  maintain  such  cor.cent  ra- 
tion for  the  duration  of  the  aircraft  flight  in  t lie  •.  ape 
runs).  Any  such  difference  in  lbs-  would  tend  te  be  comper.sat  ed 

K 


'The  TE-  Ml v i ^ M notation  indicates  use  of  the  intercepts 
defined  by  tiu3  Intersect  Lons  of  all  5 replieated  i’Ks  \ rows ' 
with  tiie  .1  Mi  positions  2,3,  and  4 (columns)  in  Figure  d. 

■'The  MU  and  with  associated  o values  shewn  for  Group  . are 

rough  "visual"  averages  of  results  of  "normal"  AFKKKU  runs 
based  on  Figure  F-3  of  Appendix  F of  Vol  II  of  the  Wt'KG  1UA 
test  design.  The  relatively  larger  o of  tiie  l'-  suggests-  varia- 
bility in  the  fuzing  and/or  Intercept  geemel  ry , although  it 

may  also  be  Influenced  by  the  non-normal  distribution  of  P-s. 
Thus  the  "optimum"  ratio  of  on-line  to  off-line  runs  may  be 
different  for  MD  and  1',  . 

K 

C - v 
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by  the 
latter 

by  comparison  of  MU  and  Ml)  , a.-,  described  in  Chart  or  IV 

on  ci  • ' 

Section  Bl,  in  connection  with  Figure  b.  i’ne  routine  norma! 
runs  made  for  system  checkout  prior  to  7F.  tape  runs  cou  id  be 
used  for  such  comparisons. 

Comparison  of  tiie  mean  MPs  and  F ana  • neir  an  re  a is  i 

K 

tween  Groups  l and  (and  with  group  l)  won  1 i seem  to  give  the 
first  clue  for  some  judgment  as.  to  what  extent  the  s--para'.  i 
(horizontally  in  Figure  0-1 ) of  Intercepts  in  time  t Group  - 
can  substitute  for  separate  tracking  error  runs  air  a a . 

Depending  upon  the  results  of  such  comparisons , it  nigh:  t nen 
be  desirable  to  conduct  a third  series  of  miss  lie  Intercept  ^ M . ' 
off-line  runs  Like  the  second  one  in  Figure  C-1A  except  with 
launches  so  as  to  give  Intercepts  placed  either  like  t he  cir- 
cles, or  like  the  crosses,  in  Figure  A comparison  anal  or.  •us 

to  that  between  Groups  1 and  H would  then  be  made , using  t ; ■ 
corresponding  data  Groups  (b  and  o ) with  Mis  spaced  oil  her  •, 
seconds  (one-half  the  spacing  of  Groups  > and  1i)  or  1.'  secena. 

(twice  that  of  Groups  j and  ■ll'). 

Using  the  Interval  between  Ml;  found  most  arrive:-:  a:  • . 
final  comparisons  (if  justified  by  the  slat  Is.  t lea  l sign!  flcane*- 
of  previous  results)  would  involve  selected  comb i na t 1 .ms  „ f 
(approximately)  .’b  Intercepts,  u.a  ns  appropriate  numrers  v ";er 
than  5 and  1 already  tested)  of  the  rows  and  columns  of  F i nir 
2B . 

I 


i 
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"perfect  missile-tracking"  in  the  TF.  tap  runs.  , In- 
tendency could  be  investigated  (in  terms  of  miss  a 1st  an 
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appendix  d 

PROCEDURES  FOR  SIMULATING  THE  EFFECTS  OF  CHAFF 

A.  NORMAL  AFEWES  PROCEDURES  FOR  SIMULATING  CHAFF 

For  prelald  chaff  corridors  , the  AFKWFC  via  (T  rlmui 
provides  noise-llke  sc  Int  L 1 la  t ions  of  specified  ampllda 
lated  to  radar  cross-sect  Lon)  and  frequency  content, 
properly  with  dispersion  (growth)  and  drift  rates,  an; 
range,'  for  flexible  ini tlal  volume  boundaries  and  o. 
There  is  also  provision  for  simulating  chaff  (given  \ 
and  time  of  dispensing,  and  growth  and  drift  rates)  r< 
with  the  dispensing  of  the  individual  chaff  packages-  , 
the  ALE-38  or  2QA,  or  from  rocket  ejection.  Presently  t 
limited  to  dispensing  a total  of  20  bundles  (from  12  tar 
per  second  to  10  seconds  per  burst)  from  a sing,  le  aircra 

This  type  simulat  ion  for  corridor  chaff  has  •-••r.-'ra  . 
cability  and  flexibility,  but  It  Is-  difficult  to  determi 
prelaid  corridors)  whether  the  dynamic  and  me  tero logic  a l 
parameters  which  must  be  supplied  (Appendix  A,  Poetic::  . 
result  in  proper  matching  of  actual  chaff  tec.  t coudi 
also  are  expected  to  be  variable  and  difficult  to  deter::: 
"Closing  the  loop"  to  compare  the  corridor  shapes  and  pa 
generated  In  simulation  with  those  of  the  test  corridors 


'The  conventional  variation  of  target  signal  with  Invers 
power  of  range  does  not  apply  to  chaff  signals  when  rad 
beamwidths  are  smaller  than  chaff  dimensions,  as  is  usu 
the  case  (except  for  one  dimension  only  of  fan  beams), 
the  range  variation  of  chaff  signals  with  the  3A-2K  In 
is  usually  different  from  that  In  mode  111. 
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adjusting  Input  paramo  t urn  for  agreement.)  would  inv'Lve  a cor- 
relation exercise  between  a l mu  lal  l on-recorded  ana  tes  u-roeorded 
video  scope  (apes  (and  other  related  Jala)  not  likely  t.<  in.1 
feasible  with  the  t.lme  and  effort  available. 


B . PLANNED  PROCEDURES  FOR  SIMULATING  EFFECTS  OF  CHAFF 

I 

l . Corridor  Chaff 
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suited  to  the  tight  post-test  schedule  than  that  discussed  in 
the  remaining  paragraphs  jf  this  Appendix. 

Since  L'ADBM  makes  use  of  a chaff  program  ( similar  to  tha 
of  AFEWES)  which  determines  signal-to-chaf f (S/S)  ratios  for 
all  radars  in  the  IADS,  the  most  practical  procedure  for  ; has 
II  now  appears  to  be  one  which  (1)  makes  use  of  what  test  dat 
will  be  available  to  more  closely  relate  the  inputs  for  the 
'L’ADBM  chaff  program  to  the  actual  test  conditions,  and  which 

(2)  is  based  on  the  following  assumptions  (See  Figure  . -1': 

(1)  The  major  effect  of  corridor  chaff  (when  it  is 
effective)  is  to  prevent  launch.  Titus  a major 
part  of  the  ef fectiveness  of  chaff  will  be  evi- 
denced outside  the  engagement  by  fewer  launches 
(and  perhaps  fewer  "Hadar  Ons"). 

(2)  There  is  a narrow  range  of  signal-to-chaf f ratio, 
A(S/C),  above  which  tracking  is  characteristic  of 
the  situation  without  chaff,  and  below  which  break- 
lock  occurs. 

(3)  When  the  signal-to-chaf f ratio  S/C  is  greater  tnun 
the  value  (S/C)  threshold  at  the  mid-point  of  AtS  O'1 
use  of  rics  for  the  test  conditions  (or  mix-related 
group)  which  would  have  existed  without  chaff  vat 
estimated  time  of  intercept)  is  a satisfactory 
approximation  for  evaluation  purposes. 

(4)  When  A (S/C)  is  less  than  t,S/C),  = . is 

a satisfactory  approximation . 

(5)  (3/C ) threshold  a constant  value  which  can  be 
determined  (as  can  A (S/C)  by  pre-test  simulations 
with  AFEWES. 


Thus,  for  level  3 evaluation,  TADBM  would  determine 


at  estimated  time  of  Intercept,  compare  with  (S/C) 
and  select  the  appropriate  AFEWES  F.  matrix1  if  S 


thresho id  ' 


(S/C) 


t hresho id 


or  sc 


lect  F.  = 0 if  S/C 


t : . res  no  1 d * 


'The  appropriate  matrix  is  one  in  which  incomplete  engagement 
were  excluded  from  simulation  of  the  appropriate  group  wit  lie 
chaff  (as  in  Table  A,  Chapter  IV,  Section  Al).  Note  that 
stand-off  jamming  may  be  treated  as  an  obscuration  problem 
(with  Incomplete  engagements)  in  an  analogous  fashion,  pro- 
vided it  proves  to  be  effective  only  in  the  main  beam. 
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S C IN  DB 

° This  is  an  average,  not  a discrete  value. 
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Figure  D-l.  ASSUMED  EFFECTS  OF  S IGNAL -TO-CHAFF 
RATIO  (S/C)  ON  PK 

No  post-test  simulation  runs  with  corridor  chaff  vor  w . c. 
rldor  chaff  statistics)  would  bo  required  on  A . 

For  level  2 evaluation,  TADBM  need  not  be  used.  .'he  m 
rix  as  defined  in  footnote  1,  page  P-l,  is  still  approprlati 
It  is  realized  since  incomplete  engagements  due  to  cb.aff  in 
been  excluded  from  class  i f icat  ion  data  t Table  •< , Chapter  IV 
and  those  due  to  "Radar  Off"  are  automatically  excluded  by 
tests  (as  they  are  by  TADBM  for  level  ^ evaluat ion).  Aetna 
In  view  of  assumption  ^1)  above,  c,uch  meticulous  care  in  se 
inp  the  appropriate  fj.  matrix  may  have  relat  Ively  little  ef 
on  the  results  of  the  overall  evaluation. 
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2 . Self-Protection  Chaff 

The  primary  purpose  of  dispensing  chaff  for  self-protection 
(after  detection  of  missile  launch)  is  to  force  the  SAM  to  use 
manual  tracking  Instead  of  the  more  accurate  automatic  tracking. 
It  is  doubtful  that  the  chaff  further  degrades  manual  tracking 
(or  the  salvo  P^s)  to  an  appreciable  extent.  Self-protective 
chaff  probably  will  not  be  used  with  on-board  noise  jamming, 
but  it  probably  will  be  used  with  DECM  and  maneuver.  Again, 
for  the  latter  case,  the  primary  effect  of  the  chaff  versus 
SA-2  and  3 type  SAMs  would  seem  to  be  to  insure  manual  tracking, 
although  more  thorough  investigation  of  this  would  be  desirable. 
No  pre-test  AFEWES  runs  with  self-protection  chaff  are  presently 
planned. 
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